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Part I 
THE PuysIcs OF FoG 


OG IS THE result of a condensation process near the 
F earth’s surface when the air is cooled below its 
dew-point temperature by one or more of the processes 
which will be discussed in the second part of this paper. 


Nuclei of Condensation 


The classical experiments of Wilson' showed that 
some types of particles, now called nuclei of condensa- 
tion, must be present in the air if condensation is to 
occur with a reasonable degree of supersaturation. 
Wilson found that about eight-fold supersaturation 
would be needed to initiate condensation in perfectly 
pure air. By ionizing the air, he was able to show that 
positive and negative ions could serve as nuclei of con- 
densation, and that condensation would then be ini- 
tiated at about four- to six-fold supersaturation. 

It was then thought that the ions were the nuclei 
responsible for the condensation leading to the forma- 
tion of fogs and clouds. However, no evidence has been 
found to support this view. In fact, it has been found 
that such degrees of supersaturation are never attained 
in the atmosphere, and that fogs and clouds form when 
the air is close to the saturation point. Since dust par- 
ticles are always present in the atmosphere in abundant 
amounts, it was next thought that these particles could 
act as condensation nuclei. 

The extensive investigations of Aitken’? led to a 
much more complete understanding of the nature of the 
condensation nuclei. Aitken developed an instrument 
which was originally called a dust counter for determin- 
ing the number of nuclei in a unit volume of air. In 
using this instrument, he found that the number of 


* Presented before the Institute of the Aeronautical Sciences 
at Columbia University, New York, December 17, 1940. See 
Discussion, page 102. 
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condensation nuclei was almost independent of the 
amount of dust in the air. From this he concluded that 
the atmosphere normally contains a more active type 
of nuclei than ordinary dust. Extending his experi- 
ments, he found that most of the dust particles were in- 
active as condensation nuclei, but that certain particles, 
which were hygroscopic, acted as nuclei. These parti- 
cles were composed of inorganic salts, sulfur trioxide 
and other products of combustion. 
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Aitken’s discoveries were considerably clarified by 
Kohler* on the basis of a theoretical treatment by 
Thomson,‘ who had found that the amount of super- 
saturation required to induce condensation on a small 
particle was an inverse function of the radius of curva- 
ture of the particle. However, particles which are hy- 
groscopic induce condensation to occur even below the 
saturation point, and hence the condensation required 
by the cooling of the air takes place on the hygroscopic 
nuclei, and such high degrees of supersaturation as are 
required for inducing condensation on the inactive 
nuclei and ions will not occur. 

By means of Thomson’s formula and data on the 
saturation vapor pressure with respect to hygroscopic 
materials, Kéhler computed curves of the type shown 
in Fig. 1. The hygroscopic material selected was sodium 
chloride, and the curves show the relative humidity re- 
quired to induce condensation on nuclei of various sizes. 
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The Aitken nucleus or ‘‘kern’’ counter determines the 
number of nuclei in an air sample by subjecting it to a 
rapid expansion. This causes a considerable degree of 
supersaturation, and the drops which form around each 
nucleus fall onto a ruled slide where they may be 
counted. Assuming that nuclei of all sizes exist in the 
atmosphere, it is evident from Fig. 1 that the number of 
nuclei as measured with this instrument is dependent 
upon the degree of supersaturation produced. Since 
the instrument is normally operated so as to give almost 
instantaneously a much higher degree of supersatura- 
tion than ever occurs in the atmosphere, the number 
of nuclei as measured is always considerably greater 
than the number which become active in natural con- 
densation processes. For a given amount of water con- 
densed the rate at which the initial condensation takes 
place largely determines the number of nuclei which 
will become active. If the rate of condensation is very 
slow only the larger nuclei will become active, while if 
the initial rate of condensation is rapid more nuclei 
will be required, and thus some of the smaller ones will 
become active. Fog is usually formed as a result of 
a relatively slow condensation process, and hence only 
a very small fraction of the available nuclei become 
active. Thus, although there are usually from several 
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hundred to several thousand nuclei per cc. available, 
the number of fog particles seldom exceeds 100 per cc. 
In the case of convective clouds where the condensation 
process is much more rapid, as many as 500 to 1000 
drops per cc. may be formed. 

All available evidence indicates that an appreciable 
degree of supersaturation is seldom, if ever, attained in 
the atmosphere, condensation occurring as soon as, or 
even slightly before, saturation is reached. 

In an effort to confirm the theory that condensation 
usually occurs on hygroscopic particles, samples of 
cloud and fog water have been chemically analyzed by 
several investigators. After the fog is formed, the orig- 
inal nuclei are so diluted that the analysis is extremely 
difficult and only the principal constituents can be de- 
termined. Fogs occurring over or near the ocean are 
found to contain measurable quantities of chloride, 
probably in the form of sodium and magnesium chlo- 
rides, which are hygroscopic constituents of sea water. 
It has been found by Houghton and Bemis that fog 
water contains relatively large quantities of sulfate, 
some of which is apparently associated with metallic 
ions and some with the hydrogen ion. It is believed 
that these derive from the sulfur contained in coal and 
other fuels which, when burned, produce sulfur dioxide 
which then oxidizes to form the highly hygroscopic 
sulfur trioxide. These measurements may be taken 
as an indication of the correctness of the assumption 
that hygroscopic substances constitute the principal 
active atmospheric nuclei. 


Size of Nuclei and Fog Droplets 


Chemical analyses of fogs show that the amount of 
hygroscopic substance in a fog is about 100 milligrams 
to a liter of fog water, or one part in ten thousand by 
weight. The average diameter of a fog droplet is about 
40 microns (see Fig. 2). Assuming that the dry nucleus 
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has a density of about 2, a simple computation shows 
that the diameter of the dry nucleus is of the order of 
magnitude of about 1 or 2 microns. In comparison, 
it may be mentioned that the diameter of ordinary rain 
drops varies from about 500 to 4000 microns. 

Since the diameters of the condensation nuclei are 
of the order of magnitude of 1 to 2 microns, it follows 
from Fig. 1 that no supersaturation is required to initi- 
ate condensation. This result confirms the conclusion, 
based on direct observation, that fog forms as soon as 
the saturation temperature is attained. In industrial 
areas, where hygroscopic particles are particularly 
plentiful, fogs have been observed to form and persist 
even though the saturation point is never reached. 
Fogs of moderate density may under such circum- 
stances persist with relative humidity of about 1 or 2 
per cent below saturation. 


The Condensation Process 


We have seen that condensation is initiated on the 
largest and most active condensation nuclei. However, 
when the drop grows in size, its curvature decreases, 
and the effect of curvature on the saturation pressure 
soon becomes negligible. Furthermore, through growth 
the drop becomes so diluted that it almost ceases to act 
as a hygroscopic substance. The condensation then 
proceeds in the same way as over a plane water surface. 

The condensation of water vapor is a diffusion phe- 
nomenon. The steady state solution of the general 
equation for diffusion was found by Houghton’® to be 





a — (1) 
8rk(p — po) 
where ¢ = number of seconds required for a drop of 
diameter d, to grow to diameter db. 
k = coefficient of molecular diffusion of water 
vapor. 
p = the ambient density of water vapor. 
po = the saturation water vapor density at the 


surface of the drop. 


Since po is usually equal to or slightly greater than the 
saturation water vapor pressure over a plane water 
surface, it is evident that there must be a certain 
amount of supersaturation if the drop is to grow. This 
supersaturation will be established if the air is cooled. 
Computations made on the basis of reasonable rates of 
cooling and an average number of drops per unit vol- 
ume show that this supersaturation need be only a frac- 
tion of a per cent. 

From Houghton’s steady state solution of the dif- 
fusion equation, we may compute the rate of growth 
of the droplets. It will be seen that the small drops 
grow more rapidly than the large drops, so that there 
is a tendency for all drops to attain the same size. A 
newly formed drop will be slightly larger than a con- 
densation nucleus, and an average fog drop will be about 
40 microns in diameter. Table 1 shows how drops of 
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TABLE | 


Growth of Fog Droplets 
Drop Diameter 


Initial Drop (Microns) 


Diameter after Identical 
(Microns) Time Intervals Ratio 
0.2 40.0 200.0 
2 40.0 20.0 
4 40.2 10.1 
6 40.5 6.7 
8 40.8 5.1 
10 41.2 4.1 
20 44.7 2.2 
0 1.7 


30 50. 


various diameters will grow during equal intervals of 
time to become average sized fog drops of almost uni- 
form size. 

Under ordinary atmospheric conditions the growth 
of the drop diameters computed in Table 1 would re- 
quire a time interval of about 100 seconds. A similar 
computation shows that it would take a fog droplet 
about 24 hours to grow to the size of an average rain 
drop. From this we may conclude that, whereas the 
fog droplets form through condensation, the rain drops 
form through coalescence of cloud droplets. 


Colloidal Stability 


From the point of view of physical chemistry, fog 
may be regarded as an aerosol in which the particle 
separation is large compared with the drop diameter. 
Any process that tends to increase the size of the ele- 
ments at the expense of the others, will ultimately re- 
sult in the formation of drops which are too large to be 
kept afloat in the air. The fog is then colloidally un- 
stable, and precipitation will fall from the fog. 

There are five factors which control the colloidal 
stability of the fog, namely, the electric charge, the 
motion, the temperature, the size of the drops and the 
phase of the condensed water.* 

(a) Usually the fog droplets are electrically charged, 
and if neighboring drops have opposite charges, the 
forces of attraction would tend to cause coalescence. 
The distance between the drops is, however, so large 
and the charge so small, that no appreciable instability 
results. 

(b) If small-scale turbulence is present, adjacent 
drops may be caused to collide in the boundary regions 
of the eddies. This effect is difficult to evaluate, but it 
appears to be small in most cases. 

(c) The action of turbulence may also cause drops 
of different temperature to be brought into proximity. 
Since the saturation vapor pressure is higher over 
warmer than over colder water, there would be super- 
saturation over the colder drops and saturation deficit 


* For a more detailed discussion of colloidal instability see 
Schmauss and Wigand,® Bergeron,’ Findeisen® and Petterssen.® 
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over the warmer drops. This would tend to cause the 
warmer drops to evaporate and the colder drops to 
grow. Since fogs usually occur under isothermal con- 
ditions, this effect is negligible. Moreover, as has been 
shown by Petterssen,® the effect of different drop tem- 
peratures can be appreciable only when the air tem- 
perature is high, because the saturation vapor pressure 
varies but little when the air temperature is low. 

(d) The variation in drop size will tend to cause 
colloidal instability, for the saturation vapor pressure 
is lower over small drops than over large drops. This 
will cause supersaturation over the larger drops and 
subsaturation over the smaller drops, with the result 
that the larger drops thrive at the expense of the smal- 
ler drops. However, the variation in drop size is so 
small and the drop diameters that occur in fogs are 
such that this effect is negligible. 

Fog drops are sufficiently large to have an appreciable 
velocity of fall through the air. Since the velocity of 
fall is proportional to the square of the drop diameter, 
there will be a moderately wide range of falling veloci- 
ties. This may cause the larger drops that fall to collide 
with smaller drops, and this may cause slight precipita- 
tion (drizzle) to fall from the fog. This particularly 
happens when the fog layer is sufficiently deep. The 
drizzle drops have diameters varying from 100 to 500 
microns. 

(e) On account of the smallness of the drops, a water 
fog may persist at temperatures much below freezing. 
At very low temperatures, ice crystals begin to form, 
and when ice crystals are mixed with water droplets, the 
fog becomes colloidally unstable, because the saturation 
pressure over the ice crystals is noticeably lower than 
over the water droplets. In a fog consisting of both 
water and ice the vapor pressure will adapt itself to 
some value between the two saturation pressures. 
There will then be supersaturation over the ice particles 
and subsaturation over the water droplets, with the 
result that the drops tend to evaporate while the ice 
particles increase in size. This effect is of great impor- 
tance in the nimbus clouds and is the most potent cause 
of the release of precipitation from clouds (Bergeron”). 
As far as fogs are concerned, the effect of the presence of 
ice and water is most noticeable when there is fog over 
snow-covered ground. As will be explained in the sec- 
ond part of this paper, the fog will then have a tendency 
to dissolve. 

Excepting the minor effects of varying fall velocity 
and the presence of ice crystals, the fogs are colloidally 
stable, and when they dissolve, they do so on account of 
changes in the large-scale weather situation and not 
because of internal colloidal instability. 


Observational Data 


With the aid of a special microscopic technique de- 
veloped by Houghton and Radford, the particle size 
distributions of numerous fogs have been determined.'° 
A typical curve is reproduced in Fig. 2, which shows 
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how the total water content is distributed among the 
various drop sizes. It will be noted that the drop di- 
ameters range from about 10 to about 100 microns. 
In radiation fogs the drops are often somewhat smaller 
than is indicated by Fig. 2, which represents a sea fog. 
Fogs occurring near large centers of population tend 
to be composed of small drops, and they are also ad- 
mixed with considerable quantities of smoke and dust 
so that such fogs do not usually feel clammy. 

The number of drops in a unit volume of foggy air 
is determined from the size distribution data and the 
liquid water content. In a dense fog the liquid water 
content seldom exceeds 0.3 cc./m.*. In a large particle 
sea fog this corresponds to from 5 to 10 drops per cc. 
There are probably many more drops per cc. in some 
city fogs, but no good experimental data are available. 

Whereas the theory predicted that a fog would be 
composed of drops of rather uniform size, the measure- 
ments outlined above show that a moderately wide 
range of sizes is commonly present. This may be due 
to the fact that a considerable number of relatively 
large nuclei are present so that the growth of the drops 
does not proceed far enough to cause size equalization. 
It appears more probable, however, that coalescence, 
particularly that due to the varying rates of fall of the 
drops, modifies the original rather uniform distribution 
to produce larger drops. 


Transmission of Light through Fog 


It was commonly believed for some time that light 
of long wave length (red and infra-red) would penetrate 
fog more readily than the shorter wave lengths. This 
supposition was based on the formula developed by 
Lord Rayleigh for the transmission of light through a 
suspension of particles of a diameter small compared 
with the wave length of the light. This formula showed 
that the scattering coefficient was inversely propor- 
tional to the fourth power of the wave length. How- 
ever, since fog drops are large compared with the wave 
length of visible and near infra-red light, this formula 
does not apply. For the case of particles which are of 
the same order of magnitude as the wave length, or 
larger, the transmission of light over a path z cm. in 
length is! 

Transmission = e~*"”*** (2) 
where = number of particles per cubic centimeter, 
r = particle radius in cm., K = a function of r/A and 
\ = wave length. For r/\ greater than about five, K 
~ 1 and the exponent reduces to the total projected 
area of the drops. Thus in a typical fog with an aver- 
age drop radius of 20 microns, the transmission is the 
same for all wave lengths less than about 4 microns. 
The transmission would not become appreciably higher 
until the wave length was greater than 40 microns. In 
this far infra-red region water vapor and some of the 
other atmospheric gases absorb strongly, so that even 
though the scattering were reduced, the total trans- 
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mitted energy would probably be smaller. It may 
therefore be concluded that there is no region of the 
radiant energy spectrum which will penetrate fog better 
than visible light. This result has been confirmed by 
direct measurements. 

Koschmieder'’ has shown that the visibility, or more 
properly the visual range, is a function only of the 
scattering coefficient if the observed object is essentially 
black, is seen against the horizon sky and the sky is 
uniformly overcast. These conditions are generally 
satisfied in the case of a fog of considerable depth. The 
expression for the visual range in fog is 


(3) 





anr> 


where V is the visual range in cm., m and r are the same 
as in Eq. (2) and « is the threshold of contrast, or the 
ratio of the difference in brightness between the back- 
ground and the object to the brightness of the back- 
ground. For most observers the value of ¢ is from 0.01 
to 0.02, although in dense fogs it has been found to be 
as high as 0.06 (Houghton"). Eq. (3) may also be 
written: 


V=— (4) 


where C is a numerical constant, and w is the liquid 
water contained in a unit volume of foggy air. The 
visual range in a sea fog having a size distribution 
similar to Fig. 2 and containing 0.3 cc. of liquid water 
per cubic meter would be about 200 meters. Eq. (4) 
shows that, for a given liquid water content, the visual 
range is directly proportional to the average particle 
radius. Thus, the visual range in small particle fogs, 
such as radiation and city fogs, may often be very short 
as compared with a sea fog of the same water content. 


Artificial Dissipation of Fog 


Although many unsuccessful attempts to dispel fog 
have been made, the potential utility of a practical 
method is great enough to justify a brief discussion of 
the problem. In general, fog may be dispelled either 
by the evaporation of the drops or by physically re- 
moving the drops from the air. The requirements for 
the evaporation of the fog drops may be readily evalu- 
ated. To evaporate the drops, it is necessary to supply 
the latent heat of evaporation and also to reduce the 
relative humidity of the air (as by heating it) so that 
the additional water vapor can be accommodated. In 
order to insure a reasonable rate of evaporation, it is 
usually desirable to reduce the relative humidity by an 
amount which is considerably larger than the minimum 
set by the liquid water content of the fog. A reasonable 
value for the desired relative humidity is 90 per cent. 
If the initial air temperature were 20°C. and the liquid 
water content were 0.2 g./m.*, the total heat required 
to dissipate the fog would be 520 cal./m.*, of which 


only one-fifth would be used to evaporate the fog drops, 
the remainder being required to reduce the relative 
humidity to 90 per cent. Since a certain amount of 
wind is usually present, fog must be dissipated continu- 
ously to maintain a clearing of suitable size. Assuming 
average fog conditions, Houghton and Radford™ 
found that the equivalent of 5000 kw. would have to be 
supplied continuously to maintain a cleared volume 
approximately 40 m. wide by 10 m. high by 600 meters 
long in the direction of the wind. If this power could 
be supplied by burning oil, the cost would not be ex- 
cessive, but the computations assume a uniform dis- 
tribution of heat, and this would be extremely difficult 
to arrange for. In any event, it is apparent that it 
would be impractical to clear large fog-bound areas 
such as harbors, airports, etc. 

The evaporative dissipation of fog may also be ac- 
complished if the relative humidity is reduced by allow- 
ing finely divided hygroscopic particles to fall through 
it. This method has been worked out in detail by 
Moughton and Radford,'* and a number of successful 
full-scale demonstrations have been made. A clearing 
of the size suggested above (40 X 10 X 600 m.) was 
maintained in dense fogs with wind velocities as high 
as 16 m.p.h. by spraying 85 gallons of a saturated 
aqueous solution of calcium chloride per minute. 

Any field of force which would cause the fog drops to 
coalesce into drops large enough to fall rapidly in the 
gravitational field, would represent an ideal means for 
the dispersal of fog. An intense sound field appears to 
be the only possibility in this direction, but computa- 
tions indicate that it would not be practical in natural 
fog, although it has been used to precipitate aerosols 
such as smoke on a laboratory scale. 

The fog may be precipitated by allowing a sufficient 
number of electrically charged (or uncharged) particles 
to fall through it. The falling particles collide with 
the fog drops and carry them to the ground. This 
method has been tried, using charged sand, with rela- 
tively unsatisfactory results. It is also possible to pre- 
cipitate fog by passing it through a Cottrell-type elec- 
trostatic precipitator or through a_baffle-like arrange- 
ment of fixed surfaces, but both of these methods re- 
quire expensive and cumbersome apparatus. 

Many other fog dissipation methods have been sug- 
gested, but all of the feasible ones are modifications of 
one of those mentioned above, and their relative merit 
can be judged in the same manner. 


Part II 


METEOROLOGICAL CONDITIONS FOR THE FORMATION OF 
Foc 


For practical purposes fog is defined as a cloud that 
envelops the observer and reduces the horizontal range 
of visibility to 1000 meters or less. If, under similar 
circumstances, the horizontal range of visibility exceeds 
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Fic. 3. A—Cross section through a frontal surface with 
rain from warm air aloft falling through colder air below. 
B—Temperature-height curve close to the front. C— 
Temperature-height curve at some distance from the 
front. Fog may form because of evaporation close to the 
front, while stratus may form under the frontal surface 
at greater distance from the front. 


1000 meters, the phenomenon is called mist.* Since 
most fogs are formed through cooling, it follows that 
the air must be cooled sufficiently below its original 
dew-point to cause so much water to condense that the, 
visibility is reduced below the required limit. 

Since condensation nuclei are present in the atmos- 
phere in abundant amounts, condensation will com- 
mence when the air is close to the saturation point. 
Non-saturated air may become saturated in three dif- 
ferent ways, viz.: (a) by evaporating water into the air; 
(b) by mixing between horizontally and vertically ad- 
jacent air masses; (c) by cooling. In order to obtain a 
fog, it is necessary that these processes should take 
place at the earth’s surface. 


Evaporation 
The evaporation of water, either from the earth’s 
surface or from falling rain, is proportional to the fac- 


tor 
(Ee, ssl e) 


where £,, is the saturation vapor pressure correspond- 
ing to the temperature of the liquid water, and ¢ is the 
actual water vapor pressure of the air. Let E denote 
the saturation water vapor pressure of the air. The 
evaporation of water will continue until 


EE, =e 
If the temperature of the air is higher than that of the 
liquid water, the balance will be reached when 
E> e= £ 


and no condensation will result. 
If the temperature of the air equals that of the liquid 
water, balance is attained when 


E=e=k&E, 


The air becomes saturated, but there is no_superfluous 
water available to produce a fog. 


* Definition adopted by the International Meteorological 
Organization, 1929. 
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However, when the temperature of the water is 
higher than that of the air, evaporation will continue 
until E,, = e, in which case 


E<e=E, 


If there were no condensation nuclei, the air would be- 
come supersaturated, but since condensation nuclei 
are always present, the superfluous water will condense. 
Thus, if the temperature of the water is sufficiently 
higher than that of the air, the condensed water in the 
air suffices to produce a fog. Such conditions occur 
when rain from warm air aloft falls through cold air at 
the ground (7.e., frontal fog), and when cold air streams 
over a warm water surface (7.e., Arctic sea smoke or 
steam fog). 


Frontal Fog 


Fig. 3A shows a cross-section through a frontal sur- 
face. If the air above the frontal surface is considera- 
bly warmer than the air below, evaporation from the 
falling rain may cause a fog to form close to the front 
(Fig. 3B). Further away from the front (Fig. 3C), the 
falling rain would be colder than the air at the earth’s 
surface, and no fog can form because of evaporation of 
falling rain. However, in this case a stratus layer will 
form under the frontal surface. 

The fogs that form under such conditions will be ar- 
ranged as a narrow band in the cold air along the front 
at the ground. They are therefore called frontal fogs. 

The formation of frontal fogs is counteracted by the 
turbulent transfer of heat and moisture along the ver- 
tical. Only when the temperature of the falling rain is 
much higher than that of the air at the ground will 
frontal fogs form. Frontal fogs, therefore, occur almost 
exclusively in connection with well developed fronts. 


Steam Fog 


Fogs are sometimes observed when cold air streams 
over a water surface the temperature of which is very 
much higher than the air temperature. These fogs are 
known as Steam Fogs or Arctic Sea Smoke. In such 
cases E, > E, and if the temperature contrast is large 
enough, the evaporation is so intense that steam pours 
forth from the surface and fills the air with fog. Steam 
fogs are frequently observed in arctic regions in winter 
when extremely cold air streams over open water. 
Since the air then is heated from below, it tends to be- 
come unstable, and vertical currents will set in and tend 
to prevent the steam from accumulating near the sea 
surface. However, when a temperature inversion is 
present at some short distance above the sea, the whole 
layer under the inversion may be filled with a dense fog. 

Both the frontal fogs and the steam fogs are caused 
by the same physical process, namely evaporation of 
warm water into cold air. 
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Horizontal Mixing 


The wind is never a steady current. Turbulent ed- 
dies form, and as they move from one place to another, 
they carry moisture, heat, etc., with them. 

The mixing that occurs between horizontally adjacent 
air masses may be assumed to take place at constant 
atmospheric pressure. Let 14, 7; and e; denote the 
total mass, the absolute temperature and the partial 
pressure of the aqueous vapor in the first component of 
the mixture, and let similar variables with subscript 2 
represent the second component. Let 7 and e represent 
the temperature and the vapor pressure in the mixture 
after complete mixing. The following formulas then 
hold: 


— MT, + Malo 
2h 


Mie, + Mees 


a 


The saturation vapor pressure of air is a function of 
temperature as shown in Fig. 4. Let A and B in Fig. 
4 represent the physical conditions of the two compo- 
nents. The point representing the conditions after com- 
plete mixing would be found somewhere on the straight 
line between A and B. It will then be seen that two dif- 
ferent air masses of widely different temperatures, 
neither of which are saturated, might become saturated, 
or supersaturated, after complete mixing. 

In the absence of condensation nuclei, the point C 
would fall to the left of the saturation curve, thus indi- 
cating supersaturation. However, since condensation 
nuclei are always present in abundant amounts, the 
superfluous water would condense. 

When condensation occurs the latent heat of vapori- 
zation is liberated and the air is heated to a certain ex- 
tent, which, again, tends to reduce the amount of con- 
densed water. Without condensation the point C 
would have the temperature T and it would be super- 
saturated by the amount CD. With condensation the 
temperature would rise from 7 to 7, and the air would 
be saturated. The conditions of the mixture would 
then be represented by the point E and the super- 
fluous water, represented by the line CG, wouid con- 
dense. The actual amount of condensed water can be 
computed from the Clausius-Clapeyron equation,” 
and it has been shown by Petterssen” that the amount 
of condensed water that results from horizontal mixing 
and such temperature contrasts as occur in the atmos- 
phere is altogether insufficient to produce a fog. More- 
over, since horizontal mixing is always accompanied by 
vertical mixing, it is necessary to consider its effect on 
the distribution of temperature and moisture. 


Vertical Mixing 


In this case the pressure is not constant on the in- 
dividual particles, and it is necessary to consider the 
adiabatic changes. 


The eddy flux of heat in non-saturated air across a 
horizontal unit area per unit time is expressed by 


F, = —Kycpo(va — ¥) 


Here K, is the coefficient of eddy transfer of heat, c, 
is the specific heat of air at constant pressure, p the 
density of the air, y; and y are, respectively, the dry 
adiabatic and the actual lapse rate of temperature in the 
air column. 

In a similar manner, the eddy flux of specific humidity 
(q) is expressed by 


where K, is the coefficient for eddy transfer of specific 
humidity. 

Suppose now that we stir a layer of air. Heat would 
then be transported along the vertical until the lapse 
rate becomes equal to the dry-adiabatic rate, and mois- 
ture would be transported along the vertical until the 
specific humidity is constant with elevation. Further- 
more, if no heat and moisture are added to or with- 
drawn from the air, the contents of heat and moisture 
must be the same in the initial and in the final state. 
The following conditions then characterize the result 
of complete vertical mixing: 

og 


00 
— = 0 and — 


Oz Oz ° 


where 6 = the mean potential temperature, and g = 
the mean specific humidity in the air column at the 
initial moment. 

From the above conditions and the Clausius-Clapey- 
ron equation, it follows that the redistribution of heat 
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and moisture would be such that the lower portion of 
the air column becomes relatively dryer, and the upper 
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portion relatively moister than they were initially. 
This means that vertical mixing can cause condensa- 
tion only in the upper portion of the mixed layer. 

A typical example is shown in Fig. 5. Initially the 
temperature is constant along the vertical and the air 
is saturated throughout. After complete stirring, the 
relative humidity has decreased in the lower portion 
and increased in the upper portion of the mixed layer. 
In the absence of condensation nuclei, the air in the 
upper portion of the layer would be supersaturated. 
However, since condensation nuclei are always present 
in sufficient amounts, the superfluous water will con- 
dense above the level where the relative humidity is 
100 per cent. This level may then be called the mixing 
condensation level. 

The turbulence set up by the roughness of the ground 
and the shearing stresses within the friction layer has a 
marked tendency to prevent fogs from forming and to 
dissolve fogs that form under adverse conditions. 

It was shown in the foregoing paragraph that hori- 
zontal mixing may cause only insignificant amounts of 
condensation even under the most favorable condi- 
tions. Since horizontal and vertical mixing operate to- 
gether, and since the effect of the latter is so much 
greater than that of the former, it follows that mixing 
cannot form fogs; in fact, mixing is one of the most 
potent fog-dissolving agencies. 

The turbulent mixing is most intense within the layer 
directly influenced by the roughness of the ground. 
This layer is about 2000-4000 ft. deep. Therefore, in 
the upper portion of this layer condensation phenomena 
are fairly frequent, and their frequency decreases rap- 
idly downward. Thus, turbulence has a tendency to 
create a cloudless space near the earth's surface. 


Cooling 


By far the most frequent and most effective cause of 
fog formation is cooling of the air while it is in contact 


with the underlying surface. This cooling may be due 
to several causes. From the first law of thermody- 
namics we obtain for the temperature variation: 


1dQ 1 a 


Saigo 
Cp dt 


dT 


dt c,d 


Here dQ/di denotes the heat added to, or withdrawn 
from, a unit mass of air per unit time, c, = specific heat 
of air at constant pressure, a = specific volume and p = 
atmospheric pressure. 

Let V,, Vy and V, denote the wind components 
along the coordinate axes, with the z-axis along the 
vertical. Then 

eo a 2. oe 
dt Of Ox oy Oz 


(5) 


which substituted in the above equation gives 


dT 1d re) 
—_ dQ hn OP = (22 V; + ey, ) + 
dt Cy dt Cy OF Cy \Ox oy 
a Op, 
Cp OZ © 


This equation shows that there are four factors that 
control the temperature changes of the moving air, 
namely: 

(a) The non-adiabatic heating or cooling represented 
by the term containing dQ/dt. This term is always im- 
portant and may amount to 1° or 2°C. per hour. 

(b) The adiabatic heating or cooling represented by 


fe) 
the term containing “4 (the local pressure variation). 


ot 
The air would be cooled when the barometer falls, and 
it would be heated when the barometer rises. This 
term, however, is very small and will not exceed 0.1°C. 
per hour. It may therefore be neglected in the discus- 
sion of the fog producing processes. * 

(c) The adiabatic heating or cooling due to the flux 
of air across the isobars. When the air moves hori- 
zontally from high to low pressure, it will expand and 
cool, but this effect is exceedingly small (about 0.01°C. 
per hour), and may be disregarded. 

(d) The adiabatic heating or cooling caused by ver- 
tical motion, as represented by the term containing 
V,. This term vanishes over level ground, because 
then V, = 0. However, when the air moves up or down 
a mountain slope, the term becomes important and may 
amount to several degrees Centigrade per hour. 

Accordingly, we may write 

dT 1 dQ a. Op 


— = +-—-V,=— 8 

dt c,dt ct, *Os ®) 
and fogs may form as a result of non-adiabatic cvoling, 
or adiabatic cooling due to upslope motion. The non- 
adiabatic cooling may be due to two causes, viz., the 


* For a more complete discussion of the order of magnitude 
of the fog producing processes, see Petterssen.®:'6 
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radiative cooling of the underlying surface, and the ad- 
vective cooling that results when warm air streams over 
a colder surface. We may therefore speak of radiation 
fogs, advection fogs and upslope fogs. 

Since the mechanism of the formation of these types 
of fogs has been discussed in detail elsewhere,* a few 
comments will suffice to show the relative importance 
of the types of fog caused by cooling. 


Advection Fog 


The rate of cooling of the traveling air depends on 
the difference in temperature between the air and the 
underlying surface, which again depends on the speed 
with which the air streams across the isotherms of the 
underlying surface. In extreme cases, the cooling may 
amount to 2°C. per hour. As high wind velocities are 
accompanied by intense turbulence and vertical mixing, 
it follows from the section on ‘‘Vertical Mixing” that 
advection fogs cannot readily form in strong winds. 
On the other hand, very slight winds are also unfavor- 
able for the production of advection fogs, because the 
transport of air across the isotherms of the underlying 
surface is then so slight that temperature equilibrium is 
reached. As a result, it is found that advection fogs 
occur most frequently with wind velocities from 5 to 
15 m.p.h. Advection fogs with wind velocity above 
30 m.p.h. are exceedingly rare. 

Advection fogs occur quite frequently over land in 
winter when air from the oceans invades the cold con- 
tinents. Since the radiative temperature changes are 
relatively large over continents, most land fogs are 
caused by the combined influence of advective and 
radiative cooling. 

At sea, the diurnal variation of the temperature of 
the underlying surface is exceedingly small (usually 
less than 0.5°C.). The sea fogs are therefore either 
advection fogs or frontal fogs. The sea fogs occur most 
frequently over the cold ocean currents (e.g., the Labra- 
dor Current) during invasions of warm air. Sea fogs 
occur quite frequently along the Gulf coast in winter 
on account of the cold water transported southward by 
the Mississippi. The summer fog along the California 
coast!’ is, to a certain extent, caused by advection of 
warm air over the cold upwelling water along the coast. 


Radiation Fog 


The influence of the radiative cooling of land areas on 
the air temperature is of the order of magnitude of 
1°C. per hour, and is therefore important. However, 
since turbulence normally transports heat downward 
toward the surface, the radiative cooling of the surface 
is counteracted by the eddy flux of heat. Normally, 
the specific humidity decreases with elevation. The 
eddy flux of humidity is then directed upward. More- 
over, when the sky is overcast, the counter-radiation 
from the sky is considerable, and reduces the cooling of 


* Petterssen' and Willett.'9 


the underlying surface. Thus, the conditions favorable 
for radiation fogs to form are: Cloudless sky, calm or 
almost still air, and specific humidity increasing along 
the vertical. 

The above conditions occur most frequently in con- 
tinental anticyclones in the colder part of the year, or 
in any uniform pressure distribution where there is 
enough subsidence in the upper air to dissolve the 
clouds. As high relative humidity is an important fac- 
tor, radiation fogs develop most frequently in air of 
maritime origin when it becomes stagnant over cold 
continents. As mentioned above, radiation fogs do not 
occur at sea. 


Upslope Fog 


The last term in Eq. (8) (See section on “‘Cooling’’) 
vanishes over level ground, but when the air blows up a 
slope, it cools at a rate of 1°C. per 100 meter ascent. 
Thus, when the ascending velocity is considerable, the 
adiabatic term will become larger than the non-adia- 
batic term, and a fog may form because of the adiabatic 
cooling. Such fogs, which are called upslope fogs, form 
quite frequently on the eastern slope of the Rocky 
Mountains when warm and moist air from the Gulf 
streams up the slope. 

The formation of upslope fogs is counteracted by 
turbulence, as is the formation of all kinds of fogs. 
Moreover, in order to obtain fog through upslope mo- 
tion, it is necessary that the air, when saturated, be 
stably stratified, because otherwise convectional cur- 
rents would develop. Therefore, upslope fogs can form 
only when the air is convectively stable before the as- 
cent commences. Consequently, upslope fogs are not 
possible when the potential wetbulb temperature de- 
creases with elevation. When the said temperature in- 
creases with elevatidn, upslope fogs may, or may not 
form, depending on the intensity of turbulence. 


Diurnal Variation 


All types of fog have a tendency to dissipate through 
heating; there is therefore a marked diurnal variation 
in the frequency of fogs, with a maximum in the early 
morning hours and a minimum in the afternoon. 
Naturally, a shallow fog burns off more readily than a 
deep fog. Since upslope fogs and advection fogs are 
usually deeper than radiation fogs, the latter type has a 
more distinct diurnal variation than the former. 

Other conditions being equal, the diurnal variation 
is the more pronounced the higher the temperature. 
According to Houghton, a dense fog contains about 
0.3 gram of liquid water per cubic meter. In order to 
dissipate the fog, this water must be evaporated, and in 
addition, the air temperature must be increased so 
much that this additional amount of water vapor can 
be accommodated in the air. It follows then from Fig. 
4 that only a slight increase in air temperature suffices 
to accommodate the fog water when the air temperature 
is high, but a considerable amount of temperature in- 
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Fic. 6. Temperature increase necessary to accommo- 
date the water vapor resulting from the evaporation of a 
fog containing 0.3 gram of liquid water per cubic meter. 


crease is required when the air temperature is low. A 
simple computation gives the values contained in Fig. 
6. Furthermore, it is well known that the diurnal varia- 
tion in temperature is large when the air temperature 
is high, and it is small when the air temperature is low. 
For both these reasons, fogs that occur at high tempera- 
tures (in the warm season) will have a distinct tendency 
to burn off in the early morning, while fogs that occur 
at low temperatures (in the cold season) do not readily 
dissolve because of the diurnal heating. Fogs that oc- 
cur in tropical climates, therefore, have a very regular 
daily rhythm, while those occurring in arctic and polar 
continental regions in winter have only a slight diurnal 
variation. 


Fog over Snow-Covered Ground 


It was mentioned in the section on ‘‘Colloidal Sta- 
bility”’ that a mixture of water droplets and ice crystals 
is colloidally unstable when the air temperature is below 
freezing. Since a considerable portion of the Northern 
Hemisphere is covered by snow for part of the year, it 
is of interest to investigate the behavior of fog over 
snow-covered ground. 

In Fig. 7, the curve AE represents the difference in 
saturation pressure over water and over ice as a func- 
tion of air temperature. The curve KR represents the 
relative humidity when the vapor pressure of the air 
equals the saturation pressure over ice. 

When the air over a snow-covered surface is cooled 
to such an extent that its relative humidity increases 









































aE R 
0.30 100 
aes 
0.20 4 —- \ 90 
0.10 a « —k 80 
0.00 70 
-30° - 20° -10° oe 
Fic. 7. Difference in saturation pressure over water 


and over ice (curve AZ); and relative humidity (curve R) 
of air which is saturated over ice. 


AERONAUTICAL SCIENCES 


to the value indicated by R in Fig. 7, water vapor is 
sublimated on the snowy surface. As this continues, 
the air obtains a minimum of specific humidity at the 
surface. The eddy flux of moisture will then be directed 
downward, and the air column gives off moisture to the 
snow. 

When the air temperature is slightly below freezing, 
AE is small, and a fog may form. The fog must then 
give off moisture to the snowy surface, and the fog can 
be maintained only through further cooling. As the 
air temperature decreases to —10 to —15°C., AE in- 
creases to its maximum value, and it becomes increas- 
ingly difficult for a fog to form; and a fog that is already 
formed will have a marked tendency to dissolve. 

This applies to temperatures below freezing. The 
conditions are, however, quite different when the air 
temperature is above freezing. The snow is then 
melting, and the air that is in direct contact with the 
melting snow is close to 0°C. and its relative humidity 
is 100 per cent. The eddy flux of heat will now be di- 
rected toward the snowy surface, and the heat that the 
air gives off is used to melt snow, with the result that the 
temperature of the snow stays constant at 0°C. 

If the specific humidity of the air decreases with 
elevation, the eddy flux of moisture carries humidity 
away from the surface, and the snow evaporates. 
However, if the specific humidity increases with eleva- 
tion (which is the normal condition above melting 
snow) the eddy flux of humidity would be toward the 
snowy surface, and condensation would take place on 
the snow. Sverdrup'® found that the latent heat thus 
liberated contributes materially to the melting of the 
snow in spring. 

This implies that condensation occurs on the melting 
snow whenever the specific humidity increases with 
elevation. A simple computation shows that water is 
condensed on the snow whenever the relative humidity 
at some small distance above the melting snow exceeds 
the limiting values shown in Fig. 8, the limiting values 
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being a function of the air temperature at some small 
distance above the snow. Thus, for example, if the air 
temperature were 4°C., condensation would occur on 
the snow as soon as the relative humidity exceeds 77 
per cent. The air would, therefore, give off moisture 
to the melting snow long before it approaches the 
saturation point. 

In order for a fog to form, or maintain itself over melt- 
ing snow, it is necessary that the air be cooled so rapidly 
that the downward eddy flux of moisture is over- 
compensated by the cooling. This can occur only 
through advection of warmer air over the snow, which 
is a frequent phenomenon over snow-covered continents 
in spring, and in the arctic and anarctic in summer, 
but the fogs thus formed must constantly give off part 
of their water content to the snow underneath, and 
they can then be maintained only if there is sufficient 
advection of warmer air which is cooled with sufficient 
speed. As a result, fogs over melting snow with air 
temperatures much above freezing are extremely rare. 

To sum up, we may say that melting snow has a 
marked tendency to dissipate fogs. This dissipating 
influence increases the higher the air temperature is 
above 0°C. As the air temperature decreases to 0°C., 
this dissipating influence vanishes; but when the air 
temperature falls below freezing, another dissipating 
influence, due to the depression of the saturation pres- 
sure over ice (see Fig. 7), commences and increases in 
intensity until the air temperature reaches —10° to 
—15°C., where it has a maximum. It follows then 
that a water fog is in a stable state over snow only 
when the air temperature is not far removed from 0°C. 

The above conclusions are corroborated by observa- 
tional evidence. An example is shown in Fig. 9. Let f 
denote the frequency of occurrence of fog within tem- 
perature intervals of 5°C., and let F be the frequency 
of air temperatures within the same intervals. Fig. 9 
then shows the value of 100 f/F for any observed tem- 
perature in Oslo. It should be noted that October is a 
snowless month, January and February are snow 
covered, with temperatures mostly below freezing, and 
March is characterized by melting snow. It will be 
seen from Fig. 9 that in October the fog frequency in- 
creases steadily with decreasing air temperature as one 
would expect over snowless ground. When snow is 
present on the ground, the frequency curve has a totally 
different trend. The maximum fog frequency does not 
occur at the lowest temperature, but when the air 
temperature is close to freezing. That the maximum of 
fog frequency falls in the interval 0 to —5°C. and not 
in the interval 0 to +5°C. seems to show that the dis- 
sipating influence due to the depression of the satura- 
tion pressure over ice is less intense than that due to the 
deposition of water on melting snow. 

Frequency curves similar to Fig. 9 for stations in 
North Siberia show that the fog frequency over snow 
increases when the air temperature sinks below —35°C. 
This is due to the fact that the fogs that occur'at such 


low temperatures are ice crystal fogs, and these are in 
equilibrium with respect to the underlying surface. 


TABLE 2 


Classification of Fog 





Fog Producing Processes Fog Dissipating Processes 


1. Evaporation from: 1. Sublimation or condensa- 
tion on: 
1. Rain which is warmer 1. Snow with air tempera- 


ture below O0°C. (ex- 
cepting ice crystal fogs). 
Snow with air tempera- 
ture above 0°C. (melt- 


than the air (rain area 
fog, or frontal fog). 

2. Water surface which is 
warmer than the air 


bo 


(steam fog). ing snow). 
2. Cooling due to: 2. Heating due to: 
3. Adiabatic upslope mo- 3. Adiabatic downslope 
tion (upslope fog). motion. 
4. Flux of air across the 4. Flux of air across the 


isobars toward higher 
pressure (effect negligi- 


isobars toward lower 
pressure (isobaric fog; 


effect negligible). ble). 

5. Falling pressure (isallo- 5. Rising pressure (unim- 
baric fog; unimportant). portant). 

6. Radiation from the un- 6. Radiation absorbed by 
derlying surface (radia- the fog or by the under- 
tion fog). lying surface. 

7. Advection of warmer air 7. Advection of colder air 


over a colder surface over a warmer surface. 
(advection fog). 
3. Mixing: 3. Mixing: 
8. Horizontal mixing (un- 8. Vertical mixing (im- 
important by itself and portant in dissipating 
strongly counteracted of fogs and producing 


by vertical mixing). stratus). 





Classification of Fog 


Summing up the foregoing discussion, the fogs may 
be classified according to the identity of the process 
which constitutes the principal cause of their formation. 
A classification based on this principle is given in Table 
2. A summary of the fog dissipating agencies is given 
in the right-hand portion of the table. 
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CONCLUDING REMARKS 


Although considerable progress has been made in re- 
cent years in the exploration of the physics of fogs and 
the meteorological aspects of fog formation, there are 
still numerous problems left for future research. Un- 
doubtedly, the forecasting of fog remains the principal 
problem. Experience has shown that the formation of 
fog depends on many local factors, such as local sources 
of pollution and water, obstacles that influence the air 
currents, local temperature effects, and the local proper- 
ties of the ground. It is therefore hoped that studies of 
local fog conditions, as initiated by Taylor” and 
George,” °* 2% 24 will be organized for all principal 
airports, and adequately coordinated with the theo- 
retical fog research. 
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Discussion 


F. W. Reichelderfer 
United States Weather Bureau 


It is appropriate that the Fourth Wright Brothers Lecture, the 
first of this series to be devoted to meteorology, should have fog 
as its subject. In its broad aspects this subject includes condensa- 
tion processes which result in formation of clouds, rain, snow, 
and ice accumulations on aircraft in flight. No one will question 
that these constitute the most difficult weather conditions which 
aeronautics has to face. In his lecture, Dr. Petterssen has ably 
reviewed the physical principles underlying condensation phe- 
nomena near the ground and has presented a number of diagrams 
which show the relations between vapor pressure and droplet 
size, and the effects of temperature upon saturation vapor pres- 
sure with respect to water and ice. 


From the aeronautical viewpoint there are three general ap- 
proaches to the problem of eliminating the hazards of fog. First, 
the fog might be removed. Second, if it cannot be removed there 
must be navigational aids to enable aircraft to fly and land blind 
in a fog. Third, there should be accurate forecasts of fog so that 
the pilot may plan his flights and his landings accordingly. 

The possibility of artificial removal of fog has reeeived much 
attention and large sums of money have been spent in the at- 
tempt to develop practical fog dissipation apparatus. The 
question is perrenial and I have no doubt that there will be many 
more proposals in the future claiming ‘‘new’’ methods for clearing 
fog from landing fields. As has been pointed out in the lecture, 
the artificial dissipation of fog is not impossible; light fogs have 
been cleared artificially and small clearings have been made in 
rather dense fogs. The real problems are cost and practicability. 
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Much has been done in the last decade or two in the develop- 
ment of aids to aerial navigation in fog and cloud. Blind land- 
ings with the aid of radio devices or other instruments are an 
accomplished fact. Now and then we read in the press that some 
new development has completely eliminated the difficulty of fog 
landings and that henceforth it will make no difference to the 
pilot whether conditions are zero-zero or clear-unlimited. Yet it 
is unlikely that these substitutes will ever be quite as satisfactory 
as direct vision. Therefore, the aeronautical profession will 
always be interested in the third approach, that is, the forecasting 
of fog. 

Although Dr. Petterssen has not dealt with forecasting in his 
lecture, he has had long experience in this field. In previous 
papers, he has contributed to the technique which the meteorolo- 
gist is gradually developing in his efforts to improve the forecast- 
ing of fog. This lecture has much of interest to the forecaster. 
Obviously, the physical factors which enter into the formation 
of fog and the meteorological conditions which lead to fog are 
elements which the forecaster must know before he is in a position 
to make a scientific forecast. The variations in these elements in- 
dicate to the layman the complexity of the problem. 

I do not want to over-emphasize the role of forecasting in 
modern meteorology. It is only one branch of the science, but 
since it deals with weather conditions of great importance in our 
every-day plans, it is the branch about which we hear the most. 
As our daily synoptic weather reports increase in frequency and 
number, particularly with the addition of upper air observations, 
the forecaster is confronted by an extremely complex and never- 
ending accumulation of data. The data are so numerous and so 
variable in space and time that it is beyond the capacity of the 
mind to analyze and evaluate them scientifically in the time 
available for preparation of the forecast. We are very much in 
need of methodology in forecasting— a formal synthesis of the ele- 
ments which enter into the formation of weather phenomena so 
that each factor will be properly appraised every day and nothing 
important will be overlooked. The meteorologist is closer to his 
goal of world-wide surface and upper-air observations than ever 
before. Now he must find techniques for making full use of these 
observations. A systematic working form or check list for fore- 
casting fog is in use, I believe, as a regular service feature by Mr. 
J.J. George, Airlines meteorologist. I hope that this practice repre- 
sents the beginning of a formal technique which can be extended 
to forecasting other types of weather. A classification something 
like that given in résumé by Dr. Petterssen is an essential step 
in developing improved technique in weather forecasting. 


H. G. Houghton 
Massachusetts Institute of Technology 


Dr. Petterssen’s thorough scientific approach to a problem, 
immediately apparent in his lecture, has always been appreciated 
by those of us who have been privileged to work with him. It is 
largely owing to the work of the group of Norwegian meteorolo- 
gists of which Dr. Petterssen was a member that meteorology has 
become a true science. With Dr. Petterssen and other meteor- 
ologists of similar scientific attainments now working in this 
country, we may confidently anticipate further important ad- 
vances and a continued transformation of ‘‘weather men’’ into 
scientific meteorologists. 

Although I have worked on various problems connected with 
fog for a number of years, it is only comparatively recently that I 
have become directly connected with meteorology. Because of 
my limited experience in the field of synoptic meteorology, I pro- 


’ pose to confine my remarks to the first portion of the lecture and 


leave the discussion of the second portion in the capable hands of 
the other discussers. 

As Dr. Petterssen has shown, it would be expected from the 
results of a theoretical treatment of the condensation process that 
the drops in a well-developed fog would be of quite uniform size 


Measurements of drop sizes in natural fogs have indicated a 
much greater range of sizes than that predicted by the theory 
(e. g., 5 to 100 microns diameter in a given fog). 

Although there may be other contributory causes, it is believed 
that coalescence of the drops is largely responsible for the wide 
size range. Although fogs are not usually of sufficient vertical 
extent for coalescence to cause more than a drizzle it is probable 
that they are subject to many of the same coalescent effects 
which result in the formation of precipitation from clouds. Fur- 
ther studies of fogs, which are much more accessible than clouds, 
might therefore lead to a better understanding of the physics of 
precipitation. 

Practically all of the data on the physical characteristics of fog 
have been secured in clean fogs occurring on or near the sea or in 
the country. City fogs might be expected to differ in important 
respects from country fogs due to the large number of hygro- 
scopic nuclei available and their admixture with smoke and other 
forms of atmospheric pollution. Although city fogs are probably 
less widespread than other types, they are extremely important 
because of their effect on transportation services. If it were 
found, as might be expected, that the particles are very much 
smaller than those in country fogs it is possible that the near in- 
fra-red region of the spectrum would prove to be useful as a navi- 
gation aid. A careful study of city fogs might therefore lead to 
results of immediate value as well as increase and amplify our 
general knowledge of fog. 


E. J. Minser 
Transcontinental & Western Air, Inc. 


Dr. Petterssen’s contributions to the science of meteorology 
have always been welcomed by the profession and I am certain 
that this paper we have been privileged to hear this evening will 
be no exception. 

In this paper Dr. Petterssen has not presented, since such was 
not his intention, any new theories concerning the physics of fog 
formation. He has, however, given us a most complete, yet 
practical, analysis of the various physical conditions governing 
the formation of fog. I am impressed by this paper, not alone be- 
cause of its scientific value, but primarily because in his presenta- 
tion, Dr. Petterssen has given us an unequaled example of the 
logical analytical reasoning that should be followed in preparing 
a fog forecast—or, for that matter, any meteorological forecast. 

An accurate forecast can be achieved only when all the ele- 
ments contributing to the occurrence of a meteorological condi- 
tion have been definitely identified, properly evaluated and co- 
ordinated with time and location. Dr. Petterssen has, in this 
paper, identified and evaluated those elements contributing to 
fog formation. It is for the individual forecaster to coordinate 
these elements with the synoptic conditions represented on his 
current weather map and therefrom determine his forecast. 

Regardless of the development of numerous aids for the naviga- 
tion and control of aircraft, fog retains its dubious reputation as 
aviation’s most insidious enemy. The forecasting of the onset, 
type, density, and dissipation of fog is, therefore, an airline 
meteorologist’s most important duty, and every effort is being 
made to insure the issuance of accurate and dependable forecasts 
of this element. 

At the present time, the forecasting of meteorological conditions 
cannot be considered to be an exact science and in consequence 
forecasts issued under critical conditions are usually closely 
scrutinized by flight and flight control personnel. However, 
erroneous forecasts are occasionally issued and flight plans or 
flight conduct must be changed to conform with the actual con- 
ditions reported—frequently inconveniencing passengers. In 
each instance, therefore, erroneous forecasts are critically analyzed 
as a means of preventing repetition. 


(Continued on page 114) 








Some Aspects of Non-Stationary Airfoil 
Theory and Its Practical Application 


WILLIAM R. SEARS 
California Institute of Technology 


ABSTRACT 

This paper consists of three notes on the theory of two-dimen- 
sional thin airfoils in non-uniform motion: 

1. In the first note expressions for the lift and moment of an 
oscillating airfoil are collected from an earlier paper and are pre- 
sented in convenient forms for practical application. 

2. Inthe second note the lift and moment are calculated for a 
rigid airfoil passing through a vertical-gust pattern having a 
sinusoidal distribution of intensity. The lift is determined as a 
function of the reduced frequency (which in this case is propor- 
tional to the ratio of the airfoil chord and the wave length of the 
gust pattern) and is presented in the form of a vector diagram. 
It is shown that the lift acts at the quarter-chord point of the air- 


foil at all times. 
3. In the third note the results of 1 and 2 are applied to the 


calculation of the amplitude of torsional oscillation of a fan blade 
operating in the wake of a set of pre-rotation vanes. In a 
numerical example the amplitude is found to be small even when 
the vanes are spaced so that the exciting frequency coincides 
with the natural frequency of the fan blade. 


1. THE FORCES ON AN OSCILLATING AIRFOIL 


8 eo SECTION consists of a summary of the results 
obtained by von Karman and Sears! and their 
application to the general case of translatory and tor- 
sional oscillations about an arbitrary axis on the chord 
line. The principal assumptions are that the flow can 
be considered two-dimensional and that the airfoil 
thickness and the amplitude of oscillation are small 
compared to the chord. 

In the original paper, two fundamental types of 
oscillatory motion were considered: ‘‘translatory’’ and 
“rotational.’’ These are characterized by different ex- 
pressions for the vertical velocity w(x) of the points 
along the chord of the airfoil. In the translatory oscil- 
lation this velocity is constant for all points of the chord; 
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parts of C(w) as functions of the reduced frequency w. 


in the rotational case the velocity is proportional to x, 
the distance aft of the midpoint. 

The lift and moment per unit span produced by these 
motions were expressed in the original paper in terms of 
the following component parts: 


Lift: (1) Lo, the ‘‘quasi-steady”’ lift 
(2) Ly, the “‘apparent-mass’”’ lift 
(3) Le, the ‘‘wake effect’’ 


Moment: (1) M ) 
(2) M, > the analogous moments 


(3) M2 ) 


The expressions for these terms are collected below for 
the two fundamental oscillatory cases. These are 
taken from the original paper, where the chord was 
taken equal to 2, and extended to the case where chord 
= c by dimensional reasoning. (The factor c/2 has 
been inserted so as to make the dimensions correct.) 
We also use the notation w for the reduced frequency 
vc/2U, where v is the frequency of oscillation in radians 
per second, p for the fluid density, and U for the velocity 
of flight. The usual complex notation is adopted to 
represent periodic functions. A dot (‘) is used to de- 
note differentiation with respect to the time ¢. The 
moment is measured about the midpoint of the chord, 
positive in a stalling direction. 


Casel: w= w (constant for all x) 
= we 
Lo = mpcUw My = Lo-c/4 
L, = (4/4) pc*w M, = 0 (1) 
Le = 40[1 > C(w)| M, = Le-c/4 
Case?2: w= 2x 
me Qoxe”’ 
Lo = (x/4)pc?UQ M, = 0 
Ly = 0 M, = — (2/128) pc!Q (2) 
Iz = —Iy[1 — C(w)] M2 = L-c/4 


In these expressions, following Theodorsen,? the’ nota- 
tion C(w) is used for the complex function K;(iw)/ 
[Ko(iw) + K,(iw)] employed in the original paper. The 
real and imaginary parts of this function are plotted as 
functions of w in the form of a “vector diagram’”’ in 
Fig. 1. 

The case of combined bending and torsional oscilla- 
tion about an arbitrary axis is schematically indicated in 
Fig. 2. The axis of oscillation is assumed to lie on the 
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chord line at a distance a back from the leading edge. 
The height of this axis above a fixed reference level is 
denoted by z. The expression for the relative downward 
velocity of the airfoil is seen to be 


w(x) = ~3 + 6U + (c/2 - a + x)0 
= [OU — z+ (c/2 — a)0] + Ox (3) 


It can be assumed that 2(/) and O(¢) are sinusoidal, of 
unknown phases, and s = xe’, © = Oye” can be 
written, where 2) and ©) are complex numbers. Apply- 
ing the results collected in Eqs. (1) and (2), taking for 
w the expression in brackets in Eq. (3) and for Q the 


value 0: 


L = xpcU[OU — s + (c/2 — a)@\C(w) + 
(w/4)pc?[OU — = + (c/2 — a)6] + 
(3/4) pc? UEC(w) 
a 3 a\c; le: 
= mpcU?} [0 -+(3 “\E 61Clw) +45 6} + 
Tce lin l a 
. p[—z + e _ ")e (4) 


The last term in Eq. (4) is usually combined with the 
inertia terms in any dynamical problem; it represents 
the inertia of the ‘additional apparent mass,’ centered 
at the midpoint of the chord. 

The stalling moment about the axis of rotation is, by 
the same process, 


M, = (a — c/2)L + (c/4)rpcU[(OU — 2+ 

(c/2 — a)O] C(w) — (2/128) pc*6 — (c/4) X 

(x/4)pc2?UO[1 — C(w)] 
= (a — c/4)xpcU[OU — 2 + (c/2 — a)O|C(w) + 

(a — c/2)(/4)pc?UO[1 + C(w)] — 
(c/4)(m/4)pc?UO|1 — C(w)] + 
(a — c/2)(x/4)pc?|—2z + (c/2 —a)0] — 
(2/128) pc*0 


i ‘(2 a] Z (; a\c .. 1. 
= mcU? 4(- — _ie — a 
apc? U 1 2 i} ot Z . a! C(w) 
1/3 a\c . \ _F ,f/l_@ “ 
a ‘\eo| 3” (3 | cilia 
1 ire T 


The last two terms in Eq. (5) also have the character of 
inertia terms, and are usually grouped with such terms 
in a dynamical problem. 

These expressions for lift and moment are in agree- 
ment with those employed by other authors; e.g., 
Theodorsen* and Kiissner.* They are directly appli- 
cable to problems involving the oscillatory motion of air- 
foils, such as wing flutter and mechanically forced vibra- 
tions of wings, etc. An application to a problem occur- 
ring in the design of a wind tunnel fan is shown in Sec- 
tion 3 of this paper. 


wt 
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Diagram showing the notation used in the case 
of an oscillating airfoil. 


2. Tue Forces DUE TO A SINUSOIDAL GUST 


General expressions for the lift and moment on an air- 
foil in non-uniform motion have been given by von 
Karman and Sears! and have been applied by them to 
cases in which the airfoil passes through vertical gusts 
with various velocity profiles. One of the fundamental 
vertical-gust cases, and one that has some practical 
applications, is that of a series of alternating up and 
down gusts, sinusoidally distributed. The calculation 
of the lift and moment for this case is given here, and 
the results are presented in both analytical and graphi- 
cal form.* 

To carry out this calculation, it is necessary first to 
determine the lift and moment when the relative verti- 
cal velocity w(x) is given in the form 


w= {Ay + 2 >> A, cos nO} Ue” (6) 
=1 


n 


where the relationship between x and 0 is given by x = 
(c/2) cos 8. It will be recognized that the lift and 
moment corresponding to the terms in A» and A; are 
those in Eqs. (1) and (2), respectively. The results for 
other values of » are easily obtained from the general 
formulas of reference 1 by the same process as was used 
there for m = 0 and 1. 

The results are summarized in the following expres- 
sions, which give the total lift and stalling moment 
(about the midpoint) corresponding to the general form 
for the relative velocity, Eq. (6): 


L = mpcU"e""'| (Ay + A1)C(w) + (Ao — Az)-iw/2} (7) 


My, = (m/4)pc?U%e{AgC(w) — Ai[1 — C(w)] — 
(A, = A3)-tw, 4— A>} (8) 


It is interesting to notice that the lift depends on only 
the first three coefficients in Eq. (6) and the moment on 
the first four. 

Calculations for the sinusoidal gust may now be 

* This case was first treated by Kiissner,* who made an error in 
his analysis. The present treatment is taken from Chapter IX 
of the author’s thesis entitled A Systematic Presentation of the 
Theory of Thin Airfoils in Non-Uniform Motion, California 
Institute of Technology, 1938. 
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carried out. If the coordinate axes are fixed to the air- 
foil, the vertical gust velocity is given by the expression 
v(x, t) se Wei”! — x/U) (9) 


This equation expresses the fact that the sinusoidal gust 


pattern, with maximum up or down velocity equal to W 


(a constant), moves past the airfoil with the speed of 
flight, U. If the wave length of the gusts is /, the fre- 
quency v with which the waves pass any point of the 
airfoil is 

(10) 


vy = 2rU/I 


For —c/2 S x S c/2; 1.e., on the airfoil, the coordi- 
nate x may be replaced by (c/2) cos 9, as before. Then, 
if the gust velocity v(x, ¢) is positive upward, the relative 
vertical velocity of any point of the airfoil, measured 
positive downward, is 


€ 
cos 6 


w= Wee wU (11) 


This may be put into the general form of Eq. (6), for 
which the lift and moment are given by Eqs. (7) and 
(8), for there exists the identity * 

ef S9 — F(z) + 2 > 1"J,(z) cos nO (12) 

n= 1 

where the /J,(z) are Bessel functions of the first kind. 
Putting s = —vc/2U = —w, and noting that J,(—z) = 
(—)"J,,(z), it is seen that, from Eqs. (11) and (12): 


w= Wei} Jo(w) + 2 > (— i)"J,(w) cos nO} (13) 
n=1 


By comparison of Eqs. (6) and (13), the expressions 
for the lift and moment can immediately be written, 
from Eqs. (7) and (8): 


L = mpcUWe™ | [Jo(w) — iSi(w)| C(w) + 


[Jo(w) + Je(w)|-iw/2} (14) 
M,,, = (/4)pc?UWe'"'| Jo(w)C(w) + iJi(w)[1 — C(w)| 
+ [tSi(w) + 1J3(w)] -iw/4 + Jo(w)} (15) 


These expressions can be greatly simplified by use of 
the recurrence formula for the Bessel functions: 


de _ 1(2) + Jn +1(8) 


From this formula the following results are obtained: 


2nJ,,(2)/2 = (16) 


[Jo(w) + Je(w)]-tw/2 = iJ,(w) (17) 
[tJi(w) + iJ3(w)|-tw/4 = —Je(w) (18) 
Therefore Eqs. (14) and (15) are reduced to 
L = mpcUWe''| [Jo(w) — iJ:(w)|C(w) + i/i(w)} (19) 
and 
My, = L-c/4 (20) 


A more symmetrical form of Eq. (19) is obtained by 
returning to the definition of the function C(w) (follow- 


* Cf. Gray, Mathews, MacRobert, Bessel Functions, The 
Macmillan Company, London, 1931, page 32, Eq. (6). 
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The result is 


J o(w) Ky (iw L K } 
Li me pci ED FEE) 91) 
K,(iw) oa Ko(tw) 


ing Eq. (2)). 


In Fig. 3 the lift, as expressed in Eq. (19) or (21), 
is presented in the form of a vector diagram analogous 
to that of Fig. 1. It is seen that a sort of spiral curve is 
obtained. 

According to Eg. (10), the reduced frequency w is 
related to the chord and the gust wave length by the 
equation 


(22) 


For each value of w, a vector drawn from the origin to 
the curve in Fig. 3 represents the lift in both magnitude 
and phase. A horizontal vector directed to the right is 
in phase with the gust velocity at the midpoint of the 
airfoil, v(0, ¢), in Eq. (9). 
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Fic. 3. Vector diagram showing the real and imaginary 
parts of F(w) as functions of the reduced frequency w, where 
F = L/xpcUWe in the case of a sinusoidal gust. 


It is seen that as the reduced frequency w is in- 
creased from zero; 1.¢., as the gust wave length becomes 
progressively shorter, the magnitude of the lift vector 
decreases continuously. The vector at first lags behind 
the gust velocity vector v(0, ¢) and then leads it by a 
progressively greater phase angle y. There appears no 
“critical gust frequency’ which produces abnormally 
large forces on the rigid airfoil. 

The result of Eq. (20) is that the total lift acts at all 
times at the quarter-chord point of the airfoil. This 
remarkable result implies that the lift produced on any 
rigid airfoil by a vertical gust of any arbitrary profile 
will act at the quarter-chord point, since the gust profile 
can always be formed by superposition of sinusoidal 
gusts (as in a Fourier series or integral). It was ob- 
tained by a different calculation in reference 1. 

An application of the results of this section is shown 
in the following section. 


3. APPLICATION TO A CASE OF FAN VIBRATION 


As an example of the application of the results of 
Sections | and 2, a calculation is carried out here for the 
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amplitude of torsional oscillation of a wind tunnel fan 
blade. It is supposed that the fan is operating just 
downstream from a set of pre-rotation vanes, which are 
regularly spaced around the fan axis. The effect of 
such vanes is to produce periodical disturbances 
through which the fan blades pass. Thus periodical 
forces are produced on the blades, and vibrations of 
dangerous amplitude may occur. 

For an approximate calculation of such vibrations it 
may be sufficient to consider the two-dimensional case 
representing some “‘mean cross-section’ of the fan 
blade. For example, such a mean section might be as- 
sumed to exist at a radius 70 per cent of the fan radius. 
If the vanes are rather closely spaced, the conditions of 
flow encountered by this mean section as it traverses its 
circumferential path may be such as to be approximated 
by a sinusoidal variation of axial velocity superimposed 
on a uniform mean axial velocity.* This blade section 
is then in the condition of an elastically supported air- 
foil flying through a gust whose profile is given by 

v(x, t) = const. + Wei”! ~— */ (23) 
where the same coordinate system is employed as in 
Section 2, U is the circumferential relative velocity, and 
v = 2rU/I, where / is the circumferential spacing of the 
vanes. The value of W depends on the vane thickness 
and profile, the distance between vanes and fan blades, 
etc. T 

The conditions of this mean blade section are there- 
fore the same as those of the airfoil in Section 2, except 
that the airfoil is elastically supported and the constant 
term in Eq. (23) is present. The second exception is of 
no importance, however, because the constant gust 
velocity simply produces a force and moment that are in 
equilibrium with the elastic force and moment in the 
mean position of the blade. In other words, the oscil- 
lation is produced by the equilibrium of periodic aero- 
dynamic forces and periodic elastic and inertia forces, 
and is superimposed on the mean (static) deflection of 
the blade. 

Suppose that the blade is so designed that its natural 
frequencies in bending and torsion are far apart and the 
critical cases of bending and torsional vibration can be 
considered separately. For example, the torsional 
vibration only will be considered here, 7.e., the blade 
will be treated as rigid in bending. It should be under- 
stood that this simplification is not a necessary one, nor 
is it always permissible; it is made here to clarify the 
analysis in the example considered. 

The equilibrium of moments about the elastic axis of 
the blade is then expressed by the following equation, in 
which structural damping is neglected: 


* This will be the case, for example, if the variation of the 
circumferential velocity around the path is small. 

t The wake effects of the vanes may be estimated by the 
methods given by Silverstein, Katzoff and Bullivant, N.A.C.A 
Technical Report No. 651, Figs. 38-42 
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—I90 — kO + (Aerodynamic moment) = 0 (24) 


where / is the polar moment of inertia of the blade about 
its elastic axis and & is the effective torsional stiffness of 
the mean cross-section. 

The aerodynamic moment consists of two parts: 
that resulting from the gust velocities and that resulting 
from the oscillatory motion of the blade. In view of the 
assumptions of small gust velocities and small amplitude 
of oscillation, these two moments can be calculated 
independently. In other words, the moment due to 
the gust velocities can be calculated from the results of 
Section 2 of this paper neglecting the vibration of the 
blade, and the moment due to the vibration can be 
calculated from Section 1, just as though the oscillating 
blade were passing through a uniform airstream. 

The aerodynamic moments in Eq. (24) can be taken 
from Eqs. (5) and (20). In Eq. (5) in the present ex- 
ample the values of zg and g are zero. The last terms in 
Eq. (5) can be included with 10 in Eq. (24), and the 
combination can be represented by writing J’ as a new 
moment of inertia, where 


; 1/1 ia 
I’ = I + moc' FE > ‘) + ral (25) 


Eq. (24) then becomes 
—I'@ — ko + mpc?U? X 


Jfa_1 $3 @a\c,l,, 1/8 _e\c; 
(2 ile+G *) £0 |cw (3 “) got 


o~ (« - ‘) mocUWe™ F(w) = 0 (26) 


where F(w) is the complex function plotted in Fig. 3. 
Assuming that 9 = Qe", Eq. (26) becomes 


[ rv —k + 


root} (4 - ak + iw (; _ 2) Jevw) - 


iwi/3 a _oueaaieeir all 1 
=¢ ~ ‘yt To, = —mpc?UW (: — ) F(w) 


(27) 


A brief discussion of the various terms in Eq. (27) 
may be of some interest. The terms 0) and —I’v’0, 
represent, of course, the inertia and elastic moments, 
which are in phase with the deflection 0. The terms in 
the braces arise from the aerodynamic effects of the 
oscillation. They include components in phase with @ 
and components that lead © by 90°; i.e., are in phase 
with 0. The latter might be called the ‘‘aerodynamic 
damping”’ terms, but it will be noticed (see Eq. (26)) 
that they actually arise from the deflection 0 as well as 
the angular velocity 0, because of the complex nature of 
C(w). In general there is no value of a/c that causes 
the aerodynamic damping, thus defined, to vanish com- 
For very large reduced frequencies, C(w) be- 


2 (cf. Fig. 


pletely. 
comes, practically, purely real and equal to ' 
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1). Then the usual conception of aerodynamic damp- 
ing is realized; 7.e., a moment proportional to the angu- 
lar velocity 8. This damping is positive for a/c < */, 
and negative (tending to increase the amplitude) for 
a/c > */,. 

In a practical problem, Eq. (27) is a complex equation 
to be solved for 6, a complex number, when all the 
other quantities are known. This means that the right 
side is a known vector in a vector diagram, the phase 
and magnitude of F(w) being found in Fig. 3. Now 
the complex coefficient of 0) also represents a known 
vector, C(w) being determined from Fig. 1, and it can 
also be drawn in the vector diagram. Hence the com- 
plex number 0p is easily determined from the diagram: 
according to Eq. (27) its magnitude is equal to the quo- 
tient of the magnitudes of the two known vectors, and 
its argument is the difference between their phase 
angles. 


F (0.9) 
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| .20(/ +1.86 *.30) C(0.9)— 452» 30 


Vector diagram used in the calculation of the 
torsional vibration of a fan blade. 


Fic. 4. 


This process of calculation is illustrated by a numeri- 
cal example at the end of this paper. 

In some cases it is not possible to separate the tor- 
sional and bending oscillations as has been done here. 
In such cases the complex equations for both degrees of 
freedom must be solved simultaneously for the complex 
quantities 09 and 2». 

The usefulness of the vector-diagram representation 
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of C(w) and F(w) and the simplicity of the graphical 
method of solving Eq. (27) are readily seen from this ex- 
ample. It is believed that other cases occur in engi- 
neering practice in which the non-stationary airfoil 
effects can best be introduced in such diagrams. 

Numerical Example: Ina certain practical case it is 
found that v? = k/I’, 7.e., the frequency with which the 
blade passes the vanes is equal to the natural frequency 
of the blade in torsion. It might be expected that large 
amplitudes of vibration would occur in this case. 

The other numerical values required for the calcula- 
tion are found to be as follows: 


w = 0.9 
W/U = 7/180 or 1° 
a/c =0.45 


Eq. (27) becomes in this case 


{0.20[1 + 1.8% X 0.30] C(0.9) — 457 X 0.30}0)= 


—0.20F(0.9)-1° (28) 


In Figs. 1 and 3 the vectors representing the complex 
numbers C(0.9) and F(0.9) are measured. The right 
side of Eq. (28) and the complex coefficient of 0, are 
then laid off in a vector diagram as shown in Fig. 4. 
Their magnitudes are 0.08 and 0.16, respectively; 
therefore 


|@o| = 0.08/0.16 = 1/2° 


It is seen that the equilibrium of aerodynamic moments 
involves a relatively small amplitude of oscillation in 
this case. 
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Letter to the Editor 
(See page 119) 


Dear Sir: 

A scheme similar to that employed in ‘‘Charts for Minimum 
Turning Radius and Minimum Time of Turn” can be used for 
finding the maximum or minimum value of many other empirical 
functions, for example, functions of C; and Cp. A particularly 
easy type to solve is when the function for which a maximum or 
minimum is desired is of the form c /Cy, where n is a known 
constant. The result of equating to zero the derivative of this 
function with respect to Cp is 


dC,/C, = (1/n)dCp/Cp 
which integrates into 
log C, = (1/n) log Cp + K 


Upon log-log paper this 
Hence, 


where A is an arbitrary constant. 
equation products a straight line with slope equal to 1/n. 
the maximum or minimum value of cit, can be found by plot- 
ting a curve with Cp as abscissa and C, as ordinate on log-log 
paper and finding the point of tangency of this curve with a tan- 
gent line with slope of 1/m. For example, the maximum value of 
the power coefficient, C,’/?/Cp, requires a tangent line with 
slope of 2/3; while C?,/Cp, which is involved in the equation tor 
loss of altitude in a spiral glide, requires a tangent line with slope 
of !/s. Finally, maximum L/D itself corresponds to the point of 
tangency with a 45° tangent line. 
H. W. SIBERT 
University of Cincinnati 
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The “Plug’’? Method for Obtaining the 
Compressive Elastic Properties of 


Thin-Walled Sections 


HOWARD W. BARLOW, HENRY S. STILLWELL* AND HO-SHEN LU* 


Unwersity of Minnesota 


ABSTRACT 


A new method is proposed for use in determining the com- 
pressive elastic properties of thin-walled sections. The method 
consists essentially of supporting the section with a cement plug 
which restrains the flat sides of the specimens from early secondary 
failure. The method of preparing specimens is simple and inex- 
pensive. Results are given for a large number of compressive 
stress-strain tests in which the method was used. The results are 
plotted using a modification of Osgood’s non-dimensional system 
of coordinates. 


INTRODUCTION 


— PRACTICE in strength analysis has been to 
make use of the assumption that the elastic 
properties of the materials under consideration were the 
same for compression as for tension. This assumption 
is valid for many ordinary materials of construction but 
leads to erroneous results for the majority of high- 
strength alloys having no well-defined yield strength, 
which are now employed in aircraft construction. Fur- 
thermore, it cannot be said that if the tensile stress- 
strain curves of two similar materials are alike their 
compressive stress-strain curves will necessarily be 
alike. These facts emphasize the necessity of using 
both the compressive and the tensile stress-strain curves 
in practical analysis where maximum strength effi- 
ciency is desired. 

It is a well known fact that the elastic properties of 
metals frequently vary somewhat for different gages of 
sheets made from the same material. This usually re- 
quires the testing of a large number of specimens in 
order to cover the thickness ranges commonly used. 
Therefore, for practical design purposes a_ simple 
and effective method of obtaining elastic properties of 
thin sheets is of prime importance. 

Obtaining compressive elastic properties of thin 
sheets in the upper stress ranges presents the greatest 
problems since the specimens usually fail through local 
instability before the yield strength of the material is 
reached. Several methods have been reported pre- 
viously for overcoming this difficulty by assembling the 
sheets under consideration into a compact unit, in order 
that failure through instability would occur at high 
compressive loads. The ‘‘Pack’’ and the ‘‘Coil’’ meth- 
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ods for testing thin sheet material in compression are 
two recent developments in this type of testing tech- 
nique.'? 

The elastic properties of many of the high strength 
alloys are changed by cold working. Thus, compression 
stress-strain curves obtained with either the “Pack” or 
the ‘‘Coil’” method from tests on flat sheets are not 
directly applicable to the analysis of sections fabricated 
from such flat sheet, wherein fabrication involves a 
certain amount of cold working. This leads to the 
necessity of using a method whereby compressive tests 
of the fabricated sections can be made. 

In testing fabricated sections the major problem is to 
restrain the flat sides and the outstanding flanges of the 
section against waving and buckling. Extensive ex- 
perimentation led to the development of the “Plug” 
method in which this restraint was obtained by filling 
closed sections with a cement made from litharge paste. 
A large number of 18-8 full-hard stainless steel speci- 
mens were tested both with and without plugs and the 
results compared. Specimens of aluminum and steel 
tubings with and without plugs were also tested in order 
to further investigate the possibility of the plug causing 
appreciable shearing forces in the specimen walls. 

Only the investigation of closed sections is reported. 
The method appears to be equally adaptable to testing 
open sections by encasing the section in litharge. 


SECTIONS TESTED 


Two different closed sections (Fig. 1) fabricated from 
18-8 full-hard stainless steel by the continuous roll-weld 














S-22 S-23 


Fic. 1. Stainless steel sections tested. 
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process were tested. Four nominal thicknesses of 
0.006, 0.008, 0.010 and 0.014 inch of each type were in- 
vestigated. In addition, two thicknesses of steel and 
aluminum alloy tubing were tested for purposes of com- 


parison. 


PREPARATION OF SPECIMENS 


End Finishing.—Specimens were cut to a length of 
approximately 3 inches. The ends were finished flat, 
parallel, and normal to the axis of the specimen within 
0.0005 in. by means of two emery discs fixed to a com- 
mon shaft which rotated between lathe centers (Fig. 
2). The specimen was moved from one disc to the 
other by means of a guide fastened to the lathe cross- 
head and adjusted to the specified tolerance. By means 
of this setup a specimen could be ground in approxi- 
mately five minutes. 





End finishing apparatus. 


Litharge Plug.—Preparation of the litharge plug con- 
sists essentially of dipping the specimen in paraffin to 
form a thin layer on the inside surface of the closed sec- 
tion so that a litharge paste may be poured into the 
specimen without coming in contact with its walls. 
The paste, after hardening, forms a solid plug inside 
the specimen and is withheld from longitudinal motion 
in it only by the thin layer of paraffin. This paraffin 
layer serves the purpose of practically eliminating 
shearing forces between the specimen walls and the 
plug. 

Although lead oxide mixed in glycerin has a very 
small coefficient of expansion, any tendency for in- 
ternal pressure to be set up by expansion during setting 
is entirely eliminated by the paraffin layer. The slight 
heat of the reaction produced during the setting period 
softens the paraffin so that it is squeezed from the ends 
of the specimen and provides room for any small ex- 
pansion of the paste which may occur. 

Various forms of lead oxide were tried in an attempt 
to acquire a paste with the most desirable characteris- 


tics. In addition, paraffin layers of varying thicknesses 
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were tried, and several methods for obtaining the least 
amount of friction between the plug and the specimen 
walls were experimented with. 

The results of these experiments led to a process 
whereby a specimen could be prepared in approximately 
10 minutes. About one day was required for complete 
hardening of the plug. 

It was found that a paraffin layer of approximately 
0.01 inch thick was satisfactory. This was easily ob- 
tained with a single dipping of the specimen when the 
temperature of the paraffin was properly controlled. 
Since the proper paraffin temperature depends upon the 
heat conductivity of the specimen material, the sim- 
plest method for obtaining the proper temperature was 
by trial. 

Lead oxide and glycerin were mixed to form the 
paste. It was found unnecessary to have an exact pro- 
portion for the mixture, but it was desirable to have as 
thick a paste as possible which, at the same time, had 
free flowing characteristics. Both yellow and orange 
powdered lead oxide were tried. Reaction took place 
slower in the case of the orange, thereby keeping the 
temperature below the melting point of the paraffin 
coat, so it was used in preference to the yellow. 

One end of the paraffin coated specimen was im- 
bedded in a '/js-inch thick layer of modeling clay. This 
kept the specimen in an upright position, making it 
easier to pour in the litharge paste, and in addition kept 
the litharge '/js inch from the end of the specimen. 
The paste was poured to within '/js inch of the top of 
the specimen. This procedure left the specimen slightly 
longer than the plug so that there was no possibility of 
the plug being compressed during the loading operation. 


TESTING PROCEDURE 


All tests were run on a 30,000-Ib. Amsler pendulum 
type, hydraulic testing machine. The specimens were 
placed between two flat, hardened and ground steel 
blocks having parallel faces. 

Huggenberger type A strain gages were used for meas- 
uring deformation. Two gages were used for each 
test and were attached near the outer edge of the long- 
est flat element of the specimen for the S-23 type (Fig. 
1), and on opposite sides of the rounded ridge of the 
S-22 specimens. A preliminary load was imposed on 
each specimen sufficient to produce a stress of approxi- 
mately 10,000 Ibs. per sq. in. This was done in order 
to insure proper seating of the strain gages, as well as 
to insure that the strain gages were working satisfac- 
torily. 

The loads were applied slowly between increments 
and held constant for the reading of the strain gages. 
In all cases, no readings were taken until the strain 
gages had ceased moving. (This procedure may be 
somewhat questionable for materials having as much 
creep as cold-worked stainless steel.) Loading at a 
more rapid rate would increase the slope of the stress- 
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strain curve and, hence, the modulus of elasticity. It 
is obvious that many different curves could be obtained 
by varying the rate of loading and in certain cases faster 
rates might be justifiable. For greater accuracy, def- 
ormation should be considered as a function of time. 
However, for the purpose of establishing the validity 
of the ‘‘Plug’’ method of compression testing it seems 
justifiable to permit the section to obtain as nearly com- 
plete equilibrium as possible. Only by this means are 
consistent results obtained which may be used for pur- 
poses of comparison. 

In order to determine the effect of the paraffin coat- 
ing a few duplicate specimens were run, one set with the 
plugs loosened and the other with the plugs intact as 
poured. The plugs were removed by immersing the 
specimen in hot water. This caused the paraffin to 
melt; the plug was removed, and then the paraffin was 
wiped from the plug. The so-called “‘loose plug”’ fit the 
specimen fairly closely after reinsertion. There was no 
noticeable difference obtained with the tight plug and 
the loose plug specimens except that the tight plug 
tests could be carried to higher loads because of some- 
what better support provided for the flat sides. Re- 
sults indicated that any shear transferred from the 
specimen through the paraffin into the plug was negli- 
gible. 

For the stainless steel specimens, failure was as- 
sumed to occur when any waving or wrinkling was 
noticeable in the large flat surface of the specimen. In 
the case of the 0.006-inch specimen, this failure was 
immediately preceded by a waving in the free flange 
along which the spot welding had been accomplished. 

In some of the tests it was decided to take strain 
readings during an unloading process; consequently, 
compression tests were stopped at approximately the 
yield strength of the material, or for the thin speci- 
mens just short of the load at which failure was ex- 
pected to occur. The load was then allowed to de- 
crease and strain gage readings were taken. The test- 
ing arrangement is shown in Fig. 3 and the compression 
test specimens and the plugs are shown in Fig. 4. 





Fic. 3. Testing set up. ° 


Non-DIMENSIONAL SYSTEM OF COORDINATES 


In order to minimize the effect of small variations in 
the elastic or other physical properties of the materials 
tested and to afford a check on the validity of the plug 
method of compression testing, a non-dimensional sys- 
tem of coordinates was used so as to reduce the test data 
to acommon basis. Osgood (Ref. 3) has indicated that 
a reduced stress-strain diagram, having stress divided 
by S plotted against strain divided by S/E, will reduce 
all stress-strain curves to one and the same curve pro- 
vided the various original curves are affinely related. 
In the above theory, S is determined from the com- 
pressive stress-strain diagram of the material for each 
specimen as the intersection with the stress-strain 
curve of a line through the origin having a slope of 
8E, where 6 is a constant for a given material, and 
varies numerically between 0 and 1, and E is taken as 
E,, the Young’s modulus in compression. 





Fic. 4. Compression test specimens and plugs. 


Values of S may be also determined as a point on the 
stress-strain curve representing the stress at which the 
material exhibited an extension under load of 0.002 
inch per inch in excess of that which would be com- 
puted from a Young modulus of elasticity E, of 25 X 
10° Ib. per sq. in. and the usual formula: unit stress 
equals Young’s modulus times unit deformation. The 


Plug Method Compression Tests. 
Thin-Walled 18-8 Stainless Steel Sections 
Point ‘‘A’’ denotes stress at 0.002 in. permanent set. 
Point ‘‘B’’ denotes stress at 0.002 in. permanent set 
for E. = 25 X 108. 
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Fic. 5. Compressive stress-strain curves for stainless steel 
sections tested with plugs. 
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stress S so obtained corresponds to the definition of the 
yield strength given in Navy Department specifica- 
tion 44, T 27.3 If this value of S is used, the corre- 
sponding value of E, of 25 X 10° should be used in the 
non-dimensional relationship. 

If it is so desired, S may be chosen arbitrarily as a 
value close to the yield strength of the material (as pre- 
viously defined). This latter method is valid provided 
such value of S represents a rough mean of the yield 
stresses and does not vary greatly from specimen to 
specimen. Actually it does not make much differ- 
ence how S and £ are selected provided E has a value 
close to the compressive modulus of elasticity of the 
material at zero stress, E,, and S has a value nearly 
equal to the compressive yield strength of the material. 

The expressions for the non-dimensional variables, as 
proposed by Osgood? are: 


Ss S S 
we ae 
* ~ N/A * E, aa 


The effective modulus, EZ’, may be Young’s modulus, 
E,; tangent modulus, £,; or the double modulus £, 
whichever is pertinent to the investigation at hand. 
The values for the individual terms may be obtained 
from the stress-strain diagram or the stress-modulus 
diagram, whichever is more convenient to use. 

A preliminary study indicated that when the tangent 
modulus, E,, was substituted for E’ in Eq. (2a), the re- 
quirement of a single non-dimensional curve repre- 
senting all of the stress-strain data for various gages 
and shapes of sections was met. Thus, Eq. (2a) be- 
comes 
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Compressive stress-strain curves for stainless steel 
sections tested without plugs. 
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S E, 
aa Vou *E 
In the investigation of the results of the tests on the 
stainless steel specimens two groups of values for the 
non-dimensional coordinates were used. These were 
o,’ and X,,’; o, and X,,. The values of o,’ were based on 
a value of S = S’, where S’ was obtained from an arbi- 
trary value of £, equal to 25 X 10° and a permanent def- 
ormation of 0.002 inch per inch. Values of \,,’ were 
obtained from these same values of S’ and E£,. The 
values of o, and \,, were computed in the manner 
given previously by using an arbitary S equal to 125,- 
000 Ib. per sq. in. This value was close to the mean 
value of S’ previously computed. The value of E, was 
again taken as being equal to 25 X 10°. There was 
somewhat more scattering of points with the latter 
method of computing the non-dimensional variables 
and the results are not included in this paper. How- 
ever, the latter method can be recommended for cases 
in which the data giving the yield strength of the ma- 
terial are not available. 


(2) 


c 


RESULTS 


The test results on the thin-walled specimens investi- 
gated are presented as the stress-strain curves in Figs. 
5 to 7, inclusive. It is to be noticed from comparison 
of Figs. 5 and 6 that considerably higher stresses were 
obtained when the specimens were supported with the 
litharge plugs. In the low stress range, the Young’s 
modulus for the supported specimens compared favor- 
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Compressive stress-strain curves for steel and 
aluminum tubes (plugged and unplugged). 
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Fic. 8. Sample tangent modulus curve. 


ably with that for the unsupported specimens. In Fig. 
7 it may ke seen that the general shape of the stress- 
strain curves, and the modulus in the lower stress ranges 
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Fic. 9. Non-dimensional stress-strain curves for plugged 
stainless steel sections. 














Fic. 10. Non-dimensional stress-strain curves for steel 
tubings. 


for the supported and the unsupported steel and alumi- 
num tube specimens compared exceedingly well. 

Fig. 8 shows a representative curve of stress plotted 
against tangent modulus for the stainless steel speci- 
mens. These curves were used in computing the non- 
dimensional variables from Eqs. (1) and (2). The non- 
dimensional plotting of stress-strain curves are pre- 
sented in Figs. 9 to 12, inclusive. 


CONCLUSIONS 


The ‘‘Plug’’ method of compression testing for thin- 
walled sections as proposed in this article may be the 
proper solution for obtaining the complete compressive 
stress-strain curves for use in the strength analysis 
of metal structural members. The plug of hardened 
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Fic. 12. Non-dimensional stress-strain curve for alumi- 
num tubing A-6 specimens. 


litharge paste has been proved to be able to properly re- 
strain the flat sides of the sections against local insta- 
bility such as waving or buckling. The method is be- 


AERONAUTICAL 


SCIENCES 


lieved to be preferable to the “Pack”’ or the “Coil” 
method in that it permits the direct testing of the fabri- 
cated section, and thus gives the true compressive 
property of the section itself. 

It has been shown that if the test specimen is care- 
fully prepared as described above with the proper thick- 
ness of paraffin on the inside walls of the specimen, and 
the correct shorter length of the finished plug, the pos- 
sibility of the plug causing appreciable shearing forces 
between the walls and the plug is so small as to be 
negligible, and any possible compression of the plug 
when the specimen has been shortened under load is 
eliminated. 

This ‘“‘plug’’ method is applicable not only to closed 
sections as investigated herein, but to open sections 
as well through encasing the section in litharge. 
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Discussion 


(Continued from page 103) 


From these analyses, it has been determined, at least in my 
own organization, that the major cause of error is that the fore- 
caster has failed to identify or evaluate one of the elements con-, 
tributing to the occurrence of the condition. With fog forecasts 
it may be that the increase in wind velocity was neglected; 
that the presence of snow cover was considered inconsequential; 
or any one of the several conditions described by Dr. Petterssen, 
was subordinated or disregarded. : 

The means by which we can improve the accuracy of forecast- 
ing and place this profession on a level with other so-called 
“exact sciences” cannot, in my opinion, be accomplished by evolv- 
ing new theories, or by seeking new hypotheses. Rather, the 
answer lies in the development of a forecasting technique that will 
assure the correct identification, evaluation and coordination of 
the numerous variable elements contributing to the occurrence 
of any meteorological condition. 

The logical, analytical reasoning followed by Dr. Petterssen 
in the composition of this paper is, in my opinion, an excellent 
example of the technique every forecaster should seek to develop. 
It is a technique that is applicable not only to fog forecasting but 
also to the forecasting of any other state of weather. 

Such a technique is the mark by which a successful forecaster 
can be identified and it will be apparent not only in the accuracy 
but also in the clarity and detail of his forecasts. I, therefore, 


recommend that this paper be accepted, not only as a technical 
contribution to the science, but also as a model of professional 


technique. 


A. F. Spilhaus 


New York University 


Dr. Petterssen’s work is characterized and known for its lu- 
cidity and completeness. When invited to make some remarks 
following his lecture, I accepted, not because I felt that I could 
add anything to his presentation, but rather because it afforded 
an opportunity to express the high regard in which I hold his 
numerous contributions to meteorology. 

The complexity of the forecaster’s task is evident when we 
enumerate the various meteorological conditions which effect 
the formation of fog. Dr. Petterssen has referred to Mr. George, 
Chief Meteorologist of Eastern Air Lines, who has shown ihe 
way to insure systematic consideration of all factors by the 
preparation of a form for the guidance of the forecasters. The 
various steps which the forecaster must make in preparation of a 
fog forecast are on this form. Similar forms might well be 
worked out for other elements of a complete prediction. 
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Stable and Unstable Equilibrium of 


Plane Frameworks 


N. J. HOFF* 
Polytechnic Institute of Brooklyn 


INTRODUCTION 


I DEALING with the stress analysis of the side panel 
of a welded steel-tube aircraft fuselage, or of any 
similar framework, two independent questions arise. 
First, the stresses due to the axial forces, and to the 
bending moments caused by couples or by external 
loads applied between joints, must be checked against 
the allowable values. Second, it must be ascertained 
that the magnitude of the applied load system is 
smaller than the first critical (buckling) load of the 
structure. 

The actual calculations involved in the first question 
are relatively simple. Any standard method based 
upon the assumption of pin joints may be used in com- 
puting the axial forces. To determine the bending 
moments in the bars James's adaptation of the Hardy 
Cross method! is usually simplest. 

Methods for treating the stability problem have 
been suggested by von Mises,? Teichmann,* Bork- 
mann,‘ Prager,® the author® and Lundquist.’ 

In the present paper a criterion is developed whereby 
the work necessary for the stress analysis of a plane 
framework is materially reduced. This criterion is as 
follows: If James’s version of the Hardy Cross method 
is used in the calculation of the distribution of the bend- 
ing moments in the bars, and a finite, unique set of 
values is obtained, then this result is a necessary and 
sufficient condition for stability. Consequently, if the 
bending moments in the bars have been calculated by 
James’s version of the Cross method, which is inci- 
dentally the simplest procedure to obtain these indis- 
pensable values, by the criterion proved in this paper, 
any further check of the stability is superfluous. 


PROCEDURE SUGGESTED FOR THE STRESS ANALYSIS OF 
PLANE FRAMEWORKS 


For the analysis of the side panel of a welded steel 
tube aircraft fuselage, or of any similar framework, the 
following procedure is suggested: 

(1) Compute the axial forces in the bars by a 
reciprocal diagram, or any equivalent method (based 
on the assumption of pin-joints). 
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(2) Compute the ratio (L/j) for every bar. Here 
L is the length of the bar between the intersection points 
of the center lines of the bars, and j is defined by the 
equation 7? = EJ/P, where E is Young’s modulus, J 
the moment of inertia of the cross-section, and P the 
axial force in the bar as determined under (1). For 
stability (1/7) in every bar must be smaller than 27. 

(3) Determine the stiffness S and the carry-over 
factor C with the aid of Fig. 2 or the tables given in 
textbooks. Compute the sum of the stiffnesses 2S at 
each joint. For stability ©S at every joint must be 
positive. 

(4) Determine the end moments by the usual pro- 
cedure of moment distribution. Generally, when finite 
values for the end moments are obtained, the structure 
is stable. 

(5) If there is reason to suspect that the very ex- 
ceptional conditions discussed in the section on the 
total potential energy surface occur, change the order 
of a few steps of the procedure. If thereby the same 
values of the end moments again result, the structure is 
stable. If different values are obtained, or the pro- 
cedure fails to yield finite results, the structure is 
unstable. 

(6) Check whether the stresses due to the simul- 
taneous action of the axial forces and of the bending 
moments are below the allowable limits. 

(7) If no external moments are present and all ex- 
ternal forces are acting at the joints, a similar procedure 
can be followed after an imaginary moment has been 
applied at any arbitrary joint. 


METHOD OF PROOF 


The validity of the preceding statements is established 
in the following way. First it is shown that in each 
step of the Cross method the conditions of equilibrium 
of the bars and of the joints are fulfilled. Then it is 
demonstrated that in every partial system consisting 
of the joint to be balanced and of all bars common to 
it, the far ends of which are considered as fixed, in 
each cycle of steps of the procedure (balancing, dis- 
tributing, carry-over) the total potential energy,* that 
is, the strain energy stored in the bars less the potential 
of the external forces, decreases. Finally it is proved 
that the total potential energy of the entire framework 
has a minimum only if the framework is stable, and 
that the values of the end moments corresponding 
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to this minimum can be approximated to any desired 
degree by a sufficiently large number of steps of the 
Cross method, in each one of which the total potential 
energy decreases. However, if the external forces ex- 
ceed the first critical value, the total potential energy 
has no minimum and the moment increments of the 
Cross method tend to become larger in successive 
cycles. 


THE EQUILIBRIUM CONDITIONS 


For the investigation of equilibrium in the bars 
and at the joints of a framework the relation between 
the end moments and the end slopes of a beam-column® 
on two simple supports is needed. Since the relation 
is linear the end moments can be expressed by the fol- 
lowing pair of equations: 


M, = pKe, + u'Ke2 
M, = u’Ke + uK ge 


(1) 


where ./, and /. are the end moments as shown in 
Fig. 1, K is defined by the equation 


K = El/L (2) 


E is Young’s modulus, J the moment of inertia of the 
cross-section, L the length of the beam-column, ¢; and 
¢2 the end slopes, and the values of the coefficients 4 and 
u’, which depend on the cross-sectional dimensions, the 
material of the beam-column, and on the axial force P, 
have been plotted in Fig. 2 against the non-dimensional 
parameter (L/j) in which j is defined by the equation 


Pf = El/P (3) 
‘? (L /j) cos L /j ~ sin L iq - Ss 
( jJ (L h 
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(L/j) sin L/j + 2cosL/j-—2 K 
: L sin L/j — L/j CS 
ae j) (L/j) sin L/j +2cosL/j-2  K 
where S and C are the stiffness and carry-over factors 
introduced by Hardy Cross and discussed in references 
7,9 and 10. 
The sign convention is indicated in Fig. 1. 
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It follows from the definition of the stiffness S and 
the carry-over factor C of the Cross method, when ex- 
tended to bars with appreciable axial forces, and from 
Eqs. 1 that 


pK =S and u'K = CS (4) 


With the aid of the above equations the condition 
of equilibrium of moments at the mth joint can be 
written 


N 
~M, + » Kum(MnmPn + Hum Om) = 0 (5) 


where \/, is the external moment acting at the mth 
joint, Kym, Ham» Hnm’ the quantities defined by Eqs. 
1 and 2 as computed for the bar connecting the uth 
with the mth joint, ¢, and ¢,, the rotations of the mth 
and the mth joint, respectively, and N is the number of 
joints directly connected by bars with the nth joint. 
The two terms of Eq. 5 must be taken with opposite 
signs since 1, denotes an external moment acting 
upon the joint, whereas the second term is the sum of 
the moments acting from the joint upon the ends of the 
bars. With the notation used in the Cross method 
Eq. 5 becomes 


N 
—M,, + yy (Sum?n + CamSnm?m) = 0 (5a) 

According to the procedure of the Cross method 
first the fixed-end moments are computed. Then an 
arbitrary joint is balanced, that is, a moment equal and 
opposite to the sum of the fixed-end moments and the 
external moments acting there is applied. After that 
the joint is released, that is, allowed to rotate while all 
other joints are held fixed against rotation. The angle 
of rotation of the joint is equal to the balancing moment 
divided by the sum of the stiffnesses of all bars common 
to the joint. Then the balancing moment is distrib- 
uted between the bars in proportion to their stiff- 
nesses and the carry-over moments are applied at the 
far ends of the bars. 

It is obvious that after these steps have been com- 
pleted every bar must be in equilibrium. This is also 
clear from Eq. 1 if zero is substituted for ge and the 
second equation divided by the first. The result is 


Me/M, = p'/p=C 


that is, for equilibrium, the moment J/2 at the far end 
of a bar must be equal to the distributed moment 1, 
at the balanced joint times the carry-over factor of the 
Cross method. Similarly it is easy to show that after 
each cycle of steps as outlined above the rotations of 
the joints satisfy Eq. 5 and/or Eq. 5a. Indeed, when 
in a previous step the mth joint has been balanced 
and rotated, the moment distributed to the bar nm 
equalled S,,,,¢, and hence the moment carried over to 
the mth joint was Cy,,Sj;n¢@m. Therefore, the un- 
balanced moment at the mth joint is 


N 
Mund = -M, + Zz; Contentin 
m=1 
and the rotation 


N 
/ 
a = — M uw/ > } 


m=] 
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Hence 
N N 
> SamPn = Yn > a — M,, nb = 
m=1 m=1 


N 
M. - > CoaSecPu 
m=1 
which substituted in Eq. 5a gives an identity. Con- 
sequently, when according to the Cross method a joint 
is balanced, the balancing moment distributed, and the 
carry-over moments applied at the far ends of the bars, 
the equilibrium conditions Eq. 5 and/or Eq. 5a are 
satisfied. 


THe ToTAL POTENTIAL ENERGY OF THE PARTIAL 
SYSTEMS 


Interesting information can be obtained by consider- 
ing the changes of the total potential energy in the 
partial systems. The strain energy due to the work 
done by the end moments of a beam-column on two 
simple supports during the rotations of the ends is 
half the sum of the products of the moments by the 
respective angles of rotations. With the aid of the 
relations Eqs. 1 this can be expressed 


U = ('/2)K [u(gi? + ¢2”) + w’2¢¢%] (6) 


In the partial system of the mth joint, as defined under 
“Method of Proof,’”’ the corresponding strain energy is 


N 
U, = (1/2) } | [Mnm (Pn? + Pm’) + Hum 2PnPml (7) 
m=1 


The potential V of the external moment ./, acting at 
the nth joint can be given as 


Ve = Mien (8) 


The total potential energy of the partial system is, 
therefore, 


N 
(U, a Vi) = (1/2) a Ek cnlttentte® + a + 
m=1 
Bum’ 2¢nPml a Mien (9) 


For a virtual rotation dy, of the mth joint the change of 
the total potential energy is, if all terms are considered: 
N 


4(U,, — Vn) = ik a [MnmPn + Hum ml 5¢n + 


m=1 


N 
(1/2) 24 [Kumbnml (6¢,)? — M,6¢, (10) 
m= 
The principle of virtual displacements® states that for 
equilibrium the change of the total potential energy is 
zero for every virtual displacement if second order 
smalt changes are disregarded. Hence, the condition 
of equilibrium of the partial system is 
N 
Kum [MnmPn + Mum Om] —M,=0 (11) 
m= 
which result is identical with Eq. 5. The equilibrium 
is stable if the second order small change is positive, 


that is, if 


N 


N 
> Kumbtum = DL Sam > 0 (12) 
m=1 m=1 

Eq. 12, however, always holds in the cases considered. 
[See page 116 (3)]. If it were not so, the corre- 
sponding partial system would be unstable even if the 
far ends of its bars were rigidly fixed instead of being 
elastically restrained by the action of the other bars of 
the framework. Hence, the entire framework would 
obviously be unstable and the investigation of its 
stability by the Cross method unnecessary. Again, 
Eq. 5 is also satisfied after the joints were allowed to 
rotate. This has been shown in the previous section. 
On the other hand, Eqs. 11 and 12 are the analytical 
condition for a minimum of the potential energy. 
Therefore, it can be stated that in each cycle of steps of 
the Hardy Cross method the total potential energy of 
the partial systems considered decreases and attains 
the smallest possible value compatible with the specified 

rotations of the far ends of the bars. 


THE TOTAL POTENTIAL ENERGY SURFACE 


The next step of the proof is to investigate values 
which the total potential energy can have when cal- 
culated for the entire framework. For simplicity the 
almost trivial case of a system of two degrees of free- 
dom is considered first, namely a bar hinged at both 
ends. The total potential energy is then 


(U — V) = (*/2)K [u(gi? + ¢2?) + w’2¢i¢e] — 
Mier — Mage (13) 


The expression in the brackets is a quadratic form in ¢ 
and is definite, that is, it can have values of one sign 
only, if its discriminant 


pp’ | 
“se | = pr yy (14) 


/ 
MK 





is greater than zero. This is the case as long as (L/j) < 
m7 as can be seen from Fig. 2. Since in that region 
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u > O, the quadratic form is always positive and is 
called a positive definite form. For  < (L/j) < 
4.49 the form is indefinite and can have both positive 
and negative values since D < 0. Consideration of 
values of (L/j) equal to or greater than 4.49 is super- 
fluous since then yw, and therefore S, is equal to or 
smaller than zero. For a single bar, however, this is 
equivalent to XS = 0 at both ends and such cases 
have been excluded from the present investigations. 
It is convenient to represent the total potential 
energy of the system considered as a surface in the 
three-dimensional space. The vertical axis can be 
chosen for the axis of the (U — V) and the horizontal 
axes to represent the ¢; and ¢ge. The total potential 
energy has a stationary value, that is, the surface has 


a horizontal tangent plane if 


‘iit ae te BE Oy, 
O¢1 Ove 
(Kugi + Ky'g, — Mi)dgr + (Kuge + Ku'gir — 
M2)bgo = O (15) 


On the other hand, by the principle of virtual displace- 
ments, Eq. 15 is also the condition of equilibrium of the 
bar, which means that the system is in equilibrium for 
such values of g; and ¢g. at which the total potential 
energy surface has a horizontal tangent plane. Since 
Eq. 15 must hold for any arbitrary choice of 6g; and 
6g2 both expressions in parentheses must vanish pro- 
ducing two independent equations for the calculation 
of the rotations g, and gy». 

The stationary value so obtained is a minimum, 
and the equilibrium is stable, if the second variation of 
the total potential energy can have positive values 


only. The second variation can be written 
a7 = v) = SA ay + 
a — Vv). ; 4. eel (6ys)? = 
Opie On? 


K iu (d¢1)? + (d¢2)*] + w’26p,6g2} (16) 
Hence, the second variation of the total potential 
energy is a quadratic form in 6g and has a discriminant 
identical with that given by Eq. 14. Therefore, the 
second variation can have positive values only, for 
any arbitrary choice of 5g; and dg2, and for any 1/, and 
M2, that is, for any arbitrary values of ¢; and ¢g2 corre- 
sponding to equilibrium, if the total potential energy is 
a positive definite quadratic form, or in the present 
case, if (L/j) < m. Consequently, in that region the 
stationary value is a minimum and the equilibrium is 
stable. 

For values of (L/j) between 7 and 4.49 the sign of the 
second variation depends upon the choice of the small 
changes 6g, and 6g. Therefore, the stationary value 
of the total potential energy corresponds with a saddle 


AERONAUTICAL SCIENCES 


point of the surface, and the equilibrium is unstable. 

The important conclusions of the above considera- 
tions are that the stationary value of the total potential 
energy surface is a minimum if the corresponding equilib- 
rium is stable, and a saddle point if the equilibrium is 
unstable. In both cases a very small step in any 
arbitrary direction from the position of equilibrium 
does not change the value of the total potential energy, 
that is, the step does not leave the horizontal tangent 
plane of the surface, if second order small changes are 
disregarded. If these are considered, however, the 
value of (U — V) increases for any step, that is, the 
second order small displacement has an upward direc- 
tion on the surface, in the stable case. In the unstable 
case corresponding to a saddle point, (U — V) increases 
or decreases according to the direction of the step given 
by the ratio dg2/d¢;. 

Considering the shape of the total potential energy 
surface it is easy to see that its horizontal sections are 
ellipses in the former, and hyperbolas in the latter case. 
The sections g; = const. and/or g. = const. are pa- 
rabolas. It may be mentioned that for 17, = M, = 0 
the stationary point is the origin, which means that the 
equilibrium position is given by the distortions g, = 
¢g: = O if no external moments are acting. The total 
potential energy surface for JJ, ¥ 0, or Mz ¥ 0 differs 
from that of the no-external-moment case by linear 
terms only, that is, it can be obtained by tilting the 
(originally horizontal) ¢,; — ¢» plane. ‘In this change the 
location of the origin is not affected, but while it re- 
mains on the surface it is no longer the stationary point. 

In the procedure of the Cross method the starting 
point on the total potential energy surface is the origin 
(¢1 = g: = 0). By rotating the first joint the point of 
the surface which corresponds to the smallest value of 
the parabola (U — V) = fi(¢:) for ge = 0 is reached. 
In the next step the value of ¢; so obtained is held con- 
stant and the smallest value is attained on the parabola 
(U — V) = fe(¢ge) through the point reached in the 
first step. By balancing the first joint again and pro- 
ceeding in a similar way the minimum value of the 
surface, which corresponds to stable equilibrium of the 
system, can be approached to any desired degree by a 
sufficiently large number of steps. Therefore, the 
rotations of the joints, and the corresponding end 
moments, tend toward limiting values which are 
uniquely determined. 

If, however, the stationary value is a saddle point 
and again in each step the minimum value of the total 
potential energy compatible with the constant value 
of the rotations of the other joints is reached, the 
successive steps tend toward negative infinity and the 
saddle point, or the corresponding equilibrium, can 
never be reached. The only exception is the case when 
one of the parabolas ¢; = 0 or g: = 0 goes through the 
saddle point and in the first step this curve is followed. 
Then the unstable equilibrium of the saddle point is 
attained in a single step. However, such a state of 
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affairs can easily be detected by changing the order of 
balancing. Then the Cross method will no longer 
yield finite results for the end moments. 

The limiting case between stability and instability is 
called critical. This corresponds to a semidefinite 
quadratic form for the total potential energy charac- 
terized by a vanishing discriminant. Consequently, 
for the bar on two supports u = yw’ and (L/j) = rf. 
The total potential energy surface degenerates to a 
cylindrical surface which, in general, has no stationary 
value. In the exceptional case when J; = JJ, the 
surface has “horizontal generatrices and, therefore, 
stationary values along a straight line. Consequently, 
equilibrium can be obtained by the Cross method. 
However, such a very exceptional case can easily be 
detected by changing the order of steps. Then equilib- 
rium will be obtained for different values of the rota- 
tions, and consequently of the bending moments. The 
corresponding equilibrium is, therefore, neutral. 


The above considerations can be extended to systems 
with any degree of freedom. The results indicate that 
for any framework upon which external moments are 
acting the Hardy Cross method of moment distribution, 
as extended by James, gives in general finite values for 
the end moments only if the framework is in stable 
equilbrium. Exceptionally finite values can be ob- 
tained also in the unstable range but such a case can be 
detected by changing the order of balancing the joints. 
Then the procedure will fail to yield finite results. 
In the very exceptional case when the axial forces in 
the framework have exactly their critical values and 
simultaneously the external moments applied at the 
joints satisfy certain requirements the Cross procedure 
gives finite values for the end moments for different 
orders of balancing. These values, however, are dif- 
ferent which is a sign of neutral equilibrium. There- 
fore, it is concluded that the Cross method can con- 
veniently be used to check the stability of frameworks. 
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Detection of Supercooled Fog Droplets 


RONALD L. IVES 
Unwersity of Colorado 


ABSTRACT 


Supercooled fog droplets may be detected, in many instances, 
by means of a modified polariscope, used in conjunction with a 
source of sonic disturbances. Possible application of these find- 
ings to the problem of detecting incipient aircraft wing-icing is 
here suggested. 


INTRODUCTION 


TUDIES of “river fogs’’ in the Colorado headwaters 
S area! disclosed that supercooled droplets were 
commonly present in them. Additional field work 
disclosed that the coronas* around the headlights of 
an automobile approaching through a fog of this type 
became larger and more brilliantly colored when the 
horn was blown. This was first regarded as an il- 
lusion; later, as a result of changing load on the car 
battery. Further study, however, showed that any 
noise in the vicinity of a light in such a fog caused some 
change in the corona. Accidentally, it was found that 
the firing of a revolver, in a supercooled fog, was fol- 
lowed by crackling sounds similar to static discharges, 
and by a short-lived localized rain of small ice par- 
ticles. 

From these data it was concluded that the sound of 
an automobile horn caused some of the supercooled 
fog droplets to ‘‘flash’’ into ice, temporarily increasing 
the diffusion of the headlight beam. Noted chromatic 
changes in the coronas were attributed to the refractive 
properties of the suspended ice crystals. 

During another investigation, while attempting to 
secure sharp photographic differentiation between vari- 
ous fog types by means of a polaroid filter, it was noted 
that halo effects were more brilliant when viewed through 
polaroid, and that under these conditions, sonic dis- 
turbances sometimes produced extremely brilliant 
transitory chromatic displays. t 


Received October 15, 1940. 

Investigations here reported were assisted by grants from the 
Penrose Fund of the American Philosophical Society. 

* The term corona, as used by W. J. Humphreys (Physics of 
the Air, pages 528-536, Lippincott, Philadelphia, 1920) most 
nearly describes the colored luminescence surrounding a head- 
light in a fog. As the light source is by no means a point, in 
this case, the spectrally-colored rings are not nearly as well 
defined as are those in a lunar corona. 

t Other photographic tests showed that the use of a Wratten F 
(deep red) filter and panchromatic film gave maximum fog pene- 
tration (superior even to infra-red), a finding in close agreement 
with data determined by H. G. Houghton (The Transmission of 
Visible Light Through Fog, Phys. Rev., Vol. 38, No. 7, pages 152- 
158, July, 1931). 


Additional observations showed that the minute 
‘glories’ ** present at the margin of the fog were more 
numerous when the fog was viewed through polaroid, 
and that there was a pronounced directional effect, 
maximum ‘“‘glory”’ intensity usually occurring when 
looking through polaroid, in a northwesterly direction. 

These observations so strongly suggested polariza- 
tion phenomena that a crude modified polariscope 
was improvised from the limited equipment available, 


and used in the field. 
EXPERIMENTAL WORK 


Equipment 
Source of Polarized Light 


Polarized light was produced by a flashlight, in which 
one lens from a pair of polaroid sun glasses was sub- 
stituted for the usual front lens. Heat from the lamp 
eventually decomposed the polaroid. 


Analyzer 

The remaining lens from the polaroid sun glasses 
was used asan analyzer. Maximum extinction secured, 
in the absence of extraneous light, was only about 60 
per cent, indicating that the polarizing material used 
was not highly efficient. 


Eyepiece 

Various eyepieces were tried out. A Mossberg 4X 
telescope proved quite satisfactory in preliminary 
tests, but was found almost useless in the field, as, 
unless it is clamped down, a telescope of this type 
cannot be held steady by a shivering operator (field 
work was done at altitudes exceeding 9000 feet, at 
temperatures in the vicinity of 30°F. and humidities 
close to 100 per cent). 


Source of Sonic Disturbances 


A .22 calibre revolver was at first used as a source of 
sonic disturbances, but was incapable of producing a 
sustained noise. Tuning forks and various whistles 
were tried and found ineffective. Automobile horns 
were found fairly satisfactory, and best results were 


** The term ‘‘glory”’ 
of brilliant monochromatic light which slowly and erratically 


as here employed, refers to a single point 


changes position and rapidly changes color, during the few seconds 
of its existence. A substantially identical effect may be produced 
by dropping a minute quartz fragment (not a crystal) through 
a headlight beam, or by rotating a mica flake between the nichol 


prisms of a polariscope. 
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secured with a Model-T Ford horn, with a cracked 
diaphragm, operated at 12 volts. The noise output 
of this was enhanced by dropping several '/2-in. steel 
balls into the horn. 

Both practice and theory indicate that maximum 
freezing of supercooled droplets takes place when the 
sonic disturbances have the least perfect wave form, 
and hence that noise, rather than sound, should be 
produced to cause this change of state. 


Arrangement of Components 


General arrangement of the components of this 
device is shown schematically in Fig. 1. Although the 
spacing of the components should theoretically depend 
on the strength of the polarized beam and on the den- 
sity of the fog, best results were secured when the 
analyzer was about ten feet from the light source. 
This spacing was not critical. The noise source could 
be placed almost anywhere in the vicinity of the polar- 
ized beam without producing appreciable changes in 
operation. 


Fog Types 

All of the fogs investigated were the so-called ‘‘River 
Fogs’’! common in Middle Park, Colorado, during the 
early fall. Presence of supercooled droplets in these 
fogs was assumed when the windshield of a car, driven 
through the fog, iced sufficiently to stall the wind- 
shield wiper. 


Field Observations 

With the previously described polariscope, tests 
were made at twenty-three locations during the pres- 
ence of fogs containing supercooled droplets. At each 
location, tests were repeated as many times as possible, 
limiting factors being fog dissipation and exhaustion of 
batteries. 

In nineteen locations, after the analyzer was rotated 
to secure maximum extinction, actuation of the noise 
source produced appreciable chromatic displays at the 
eyepiece. 

In six of these locations, the displays were still 
detectable, although faint, after the fog had dissipated 
sufficiently so that windshield icing no longer occurred. 

In one location, where a successful prediction enabled 
tests during the early phases of fog formation, chromatic 
effects were detectable for a considerable time before 
icing effects were noted. 

In four locations, although supercooled particles 
were quite definitely present, no chromatic effects 
could be produced. One of these failures was due to 
decomposition of the polarizing material; another is 
attributed with some certainty to the placement of 
instruments in a local warm zone; the remaining two 
are unexplained. 

Occasional single “‘glories’’ were seen through the 
polariscope (about one every three seconds) even when 


the noise source was not operating. Even more rarely, 
a “‘glory’’ may be noted when there is no fog, but when 
air temperatures are quite low. These are apparently 
most common at high altitudes, during the passage of 
a barometric high, and may be related to the “‘ice 
haze’ which causes white skies in infra-red photo- 
graphs under similar weather conditions. 
Motion of fog droplets through the polarized beam 
is substantially horizontal so long as they are not 
disturbed, but when the noise source is active, about 
20 per cent of them start to fall, and continue on an 
erratic downward path until the noise stops, or they 
reach the ground. Most of these are ice particles, 
rather than water droplets. Average sizes of re- 
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Fic. 1. Arrangement of polariscope components. 


covered fallen particles are slightly larger than those of 
fog droplets, suggesting that both freezing and coales- 
cence have taken place. 

During all of the nineteen successful observations, 
it was noted that the chromatic effects were most 
intense during the fraction of a second immediately 
after the noise source was turned on; that the in- 
tensity fell off rather rapidly for a time; and that 
after a few seconds the intensity reached a minimum 
value which it retained until some change occurred in 
external conditions. The ratio of maximum intensity 
to stable intensity is apparently influenced by the 
velocity of the fog drift, as is indicated in Fig. 2. 
These curves are schematic only, being based on 
estimated intensity values and ‘“‘pulse counted’’ time 
intervals. It seems probable that the intensity changes 
are functions of a number of variables, among which 
are rate of fog drift, rate of fall of components, density 
of fog and percentage of supercooled droplets. 


Conclusions from Field Data 


Field observations indicate that the presence of 
supercooled droplets, in numbers sufficient to cause 
windshield icing, in the “river fogs’’ of this area, can 
be detected by means of a modified polariscope in 
nineteen instances out of twenty-one, or with an 
accuracy of 90.5 per cent. Presence of supercooled 
droplets in smaller numbers can also be detected by 
this method, in some instances, both during the forma- 
tion and during the dissipation of fogs of this type. 
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Fic. 2. Stabilization of chromatic effects. 


TENTATIVE THEORY 


From the various observations it is concluded that 
any violent mechanical disturbance in a fog containing 
supercooled droplets will cause some of them to “‘flash”’ 
into ice; that an ice crystal passing through a polarized 
beam will cause a rotation of that beam; and that the 
chromatic effects observed through the equipment de- 
scribed result from these occurrences. 
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POSSIBLE APPLICATIONS 


The experiments here reported are not entirely con- 
clusive, due to the limited number of observations, 
under field conditions, with ‘“‘haywire’’ equipment; and 
hence application of the data here reported, or of con- 
clusions drawn therefrom, seems inadvisable without 
extended rigorous checking. 

If, as seems possible, the combination of a polari- 
scope and a noise-maker can be used to detect the 
presence of supercooled droplets with a high degree 
of consistency, even when few such droplets are pres- 
ent, such a device can be used to warn of incipient 
wing-icing conditions in the air some time before icing 
occurs, so that the pilot can alter his course to avoid 
this danger. 

When visual observation methods are used, the entire 
mechanism is light in weight, and as mounted on a plane 
need not cause any appreciable increase in air resist- 
ance. Quite obviously, a photoelectric cell can be sub- 
stituted for the eye, and the device made to actuate a 
suitable alarm system. If desired, it can be given 
“judgment” by the insertion, at an appropriate place 
in the amplifying system, of a condenser, shunted by 
a resistor and followed by an inductance, so that the 
alarm will not be actuated until the number of light 
impulses, indicative of the number of supercooled 
droplets, reaches a predetermined value per time 
interval. a 
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Charts for Minimum Turning Radius and 
Minimum Time of Turn 


H. W. SIBERT, University of Cincinnati 


INTRODUCTION 


URING the last World War attempts were made 

to predict minimum radius and minimum time 
of turn, these two items being important features of 
the maneuverability of a fighting plane. Kann! and 
Salkowski? derived simple formulas by assuming that 
hp., (horsepower available) at a given altitude is inde- 
pendent of the airplane speed, an assumption which 
is far from the true situation. Later, Diehl’ took 
account of the known variation of hp., with airplane 
speed and calculated a number of values of turning 
radius, or time of turn, for different airplane speeds 
and then plotted a curve to determine the minimum 
value. Since Diehl’s method is rather laborious, a 
quick and accurate method for determining minimum 
radius and minimum time of turn should be of interest 
to designers of military planes. 


PERFORMANCE CHART FOR CHANGES IN WEIGHT 


About twenty years ago Rohrbach‘ pointed out that 
so far as hp., (horsepower required) is concerned, an 
airplane of weight W in a horizontal circular turn is 
equivalent to a heavier airplane of weight »W flying 
in a horizontal line. Hence a performance chart 
which provides for changes in airplane weight will 
yield the radius and time of turn without the necessity 
of first calculating the angle of bank. 

A chart of hp., and hp., versus velocity on ordinary 
graph paper is not well suited for studying the effect of 
changes in weight because the loci of hp., versus V as 
the weight is varied while the angle of attack is held 
constant are third degree curves. This is because 
with constant angle of attack 


V, = Vn Vi, bp.m = Vn? hp.,, (1) 


in which the subscripts 1 and m refer to airplane weights 
of W and nW, respectively. Diehl* has advocated the 
use of logarithmic paper since the loci of hp., versus V 
for constant angles of attack are then parallel straight 
lines with slope of 3 to 1. 

A performance chart for changes in airplane weight 
which has certain advantages over a logarithmic chart 
is shown in Fig. 1, the data for which was taken from 
pages 186 and 195 of reference 5. From Eq. (1), it is 
evident that along the loci for constant angles of attack 
in Fig. 1 

X, = NM, ¥, = ny, R, = nR, (2) 
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Fic. 1. Performance chart for changes in weight. 
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in which x is V’, y is hp.,2’ 3 and R is the radius vector 
from the origin to a hp., curve. The last relation of 
Eq. (2) shows that with merely one point ona hp., 
curve known the entire curve can be drawn with the 
aid of a pantograph with the pantograph pencil at 
that point, the fixed point at the origin and the tracing 
point following the hp., curve form = 1. Moreover, 
to obtain one point on a desired hp., curve, it is merely 
necessary to choose a point on the hp., curve for = 1 
which is at some multiple of 10 units froin the origin 
and then mark off with the help of a ruler various values 
of » along the radial line through that point and the 


origin, as shown in Fig. 1. 


HORIZONTAL CIRCULAR TURN 


Let W be the airplane weight for which the original 
hp., curve is drawn (2000 Ibs. for Fig. 1) and let cW 
be the airplane weight for which the minimum radius 
and minimum time of turn is desired. The lift Z at 
speed V in a horizontal turn of radius r for an airplane 
of weight cW is L = nW, where 


n = cV1 + (V*/gr)* (3) 

The time for a complete turn is ¢ = 2rr/V. Hence 
from Eq. (3) 

r = (c/g)V2/Vn? — 22 (4) 

t = (2nc/g) ViVn? — @ (5) 








124 


n@ 





4 8 /2 16 20 24 VYIlo" 
4 2 3 4 § 6 V¥/000 
Note :-V in mph. 






~ 


s) 


Fic. 2. Chart for minimum radius and minimum time of turn. 


V and n in Eqs. (4) and (5) are not independent of 
each other because hp., = hp., when an airplane is 
making a turn of minimum radius or minimum time. 
The values of V? and n in Table 1 were obtained from 
Fig. 1 by taking the ratio of the distances along a radial 
line from the origin to the hp., and hp., curves. For 
example, the intersection of V?/1000 = 5.0 with the 
hp., curve is 5.14 in. from the origin and the distance 
along this line from the origin to the hp., curve is 2.73 
in., which yields nm = 5.14/2.73 = 1.88. The value 
V?/1000 = 3.71 in Table 1 is the velocity of turn 
at maximum c, and was found by drawing the radial 
line (dashed in Fig. 1) to the hp., curve from the point 
on the hp., curve corresponding to maximum c,. 


Minimum Rapius OF TURN 


The condition dr/dV = 0 for minimum , is from 


(Eq. (4)) 
dn/dV = 2(n? — c*)/nV (6) 
By differential equations it can be shown that the curve 
n*= KV4+c? (7) 


where K is an arbitrary constant, has the same dn/dV 
as given in Eq. (6). Note that the curve defined by 
Eq. (7) when plotted with nm? as ordinate and V*‘ as 
abscissa is a straight line with y-intercept at c®. This 
fact justifies the following procedure for finding V and 
n corresponding to minimum 7. With values of m and 
V from Table 1 plot n* versus V‘* to obtain curve R in 
Fig. 2, draw a tangent to R with y-intercept at c? and 
read the values of V and » at the point of tangency. 
These values of V and m when substituted in Eq. (4) 
give the minimum 7. For example, the tangent to R 
for a weight 1.5 times the original weight has c? = 2.25 
for its y-intercept, and at its point of tangency with the 
R curve (Fig. 2) V4/10® = 25.4 and nm? = 3.57. These 
values of V and » when substituted in Eq. (4) give the 
minimum r for this airplane when its weight is 1.5 X 
2000 = 3000 Ibs. Note that the R curve in Fig. 2 can 
be used for all values of c because the only effect of c 
is to determine the y-intercept of the tangent to the 
R curve. 
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TABLE 1 
V2/1000 n n? 
3.71 1.61 2.59 
4.0 1.72 2.96 
4.5 1.80 3.24 
5.0 1.88 3.53 
6.0 2.01 4.04 
7.0 2.13 4.54 
8.0 2.22 4.93 





MINIMUM TIME OF TURN 


The condition dt/dV = 0 for minimum ¢ is, from 


Eq. (5), 
dn/dV = (n® — c*)/nV (8) 


which (by differential equations) is the slope of the 
curve 


n= KV?+ ¢? (9) 


where K is an arbitrary constant. Hence, the pro- 
cedure for finding V and m corresponding to minimum 
tis as follows. With values of and V from Table 1 
plot n? versus V? to obtain curve T in Fig. 2, draw a 
tangent to J with y-intercept at c? and read the values 
of V and » at the point of tangency. These values of 
V and n when substituted in Eq. (5) give the minimum 
t. For example, from Fig. 2, V?/1000 = 7.90 and n? = 
4.90 at the point of tangency of a tangent line to the 
T curve whose y-intercept is c? = 1.5.2 Thus, the V 
for minimum ¢ is 88.9 m.p.h. while the V for minimum 
r is 71.1 m.p.h. when the airplane weight is 1.5 X 
2000 = 3000 Ibs. 


CONSTANT AIRPLANE WEIGHT 


The construction for finding minimum 7 and ¢ is 
much simpler when no provision is to be made for 
changes in airplane weight, which is equivalent to 


letting c = 1. Then, Eqs. (7) and (9) can be written, 
respectively, 
log (n? — 1) = 4log V+ log K, (for min.) (10) 
log (n? — 1) = 2log V + log K, (for tm.) (11) 


Note that with V as abscissa and (m? — 1) as ordinate 
on log-log paper, Eqs. (10) and (11) give straight lines 
with slopes of 4 and 2, respectively. Hence, if Table 1 
is plotted on log-log paper with V as ordinates and 
(n? — 1) as abscissas, the points of tangency of the 
resulting curve with tangent lines of slopes 4 and 2 
will give the values of V and (m? — 1) for minimum 7 
and minimum f¢, respectively. 
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The Fourth Wright Brothers Lecture 


The Fourth Wright Brothers Lecture on ‘‘Recent Fog Investi- 
gations’’ was presented by Dr. Sverre Petterssen, Professor of 
Meteorology at Massachusetts Institute of Technology, on 
Tuesday, December 17th, at the Pupin Physics Laboratories, 
Columbia University, New York. 

Before the Lecture, a dinner in honor of Dr. Petterssen was held 
at the Men’s Faculty Club of Columbia University. About 200 
members of the Institute and guests were present. Mr. Griffith 
Brewer, President of the Royal Aeronautical Society of Great 
Britain, was also a guest of honor and during the dinner was 
presented with a pipe which had been made especially for him 
by Prof. F. K. Kirsten of the University of Washington, an 
Associate Fellow of the Institute. Attending the dinner, which 
is held annually to celebrate the anniversary of the first flights by 
the Wright Brothers at Kitty Hawk, were several persons who 
were associated with the early work of the Wrights: 

Mr. Brewer was the first Englishman to fly with Wilbur Wright, 
he learned to fly at the Wright school in Dayton in 1914 and has 
been closely associated with both Wilbur and Orville Wright for 
many years; Hart O. Berg was the first representative of the 
Wright Brothers in France and in 1939 presented a valuable col- 
lection of papers on the early work of the Wrights to the Aero- 
nautical Archives of the Institute; A. Roy Knabenshue, who had 
been a balloonist and early dirigible pilot, was the first manager of 
the Wright Exhibition organization; Frank T. Coffyn was one 
of the first group of pilots trained at the Wright school; Gen. 
Frederic E. Humphreys and Col. Frank P. Lahm were the first 
U.S. Army officers to be instructed as pilots by the Wrights. 
Among other guests were Comdr. F. W. Reichelderfer, Chief of 
the U.S. Weather Bureau; Dr. George B. Pegram, Dean of 
Science of Columbia University, who has been host to the In- 
stitute at its Annual Meeting since its organization; E. Percy 
Noel, Editor of Aero and Hydro—an early aeronautical magazine; 
Dr. V. Stefansson, Arctic Explorer and consultant to Pan Ameri- 
can Airways; and Fred C. Kelly who has written many articles 
about the Wrights. 

Frank H. Russell, the first General Manager of the Wright 
Company, spoke on ‘‘The Beginnings of the American Aircraft 
Industry—the First Wright Company.” 


Frank H. Russell 


“‘The six years that elapsed from the historic day in 1903 when 
the Wright Brothers made their first flight, the day which we to- 
night commemorate, were spent in experimental and scientific 
work, the efforts of which could easily be seen in the Wright ma- 
chine of 1909. It accommodated two men sitting up instead of 
one man operating in the prone position. The motor, too, en- 
tirely designed and built by the Wright Brothers, was increased 
from 12'/. hp. to 35 hp. On October 4, 1909, Wilbur Wright 
made a round trip flight from Governor’s Island to Grant’s 
Tomb. He had rigged a St. Lawrence canoe to the underbody of 
his plane, and while this in no sense was a hydroplane it foretold 
the possibilities of an amphibian machine. 

“Commercial enthusiasm for flying was demonstrated by this 
flight and the Wright Company was born in the latter part of the 
year, composed of about ten stockholders who each subscribed an 
equal amount aggregating some $200,000. Mr. Russell A. Alger 
of Detroit relinquished his earlier option on the Wright patents 
and became one of this group which included Messers. Shonts, 
Andrew Freedman, Robert Collier and Cornelius Vanderbilt. 
I arrived in Dayton to take charge of the new company on Janu- 
ary 17, 1910. The first plane factory, a wing of the Speedwell 
Automobile plant, was equipped and running by February 3rd, 
the motors still being made in the old bicycle shop on East Third 
Street by Charlie Taylor, in the back of which the little wind tun- 


nel and other scientific appliances were stored and above which 
the Wright Brothers retained their offices. In March, the only 
existent Wright machine was sent to Montgomery, Alabama, 
and Orville began the training of Walter Brookins. 

“Roy Knabenshue arrived on February 28th to assume the 
management of the Exhibition Department. On April 14th the 
old Hoffman pastures, where the Wrights had done their Dayton 
flying, was leased and the historic airplane shed, now a landmark, 
was speedily built. Just three months after the wheels began 
to turn in the Speedwell factory, the first airplane and engine was 
completed and on the field. 

“Intensive training of the Wright exhibition team began. 
Orville Wright, then having Walter Brookins’ assistance, super- 
vised the training of Al Welsh, Arthur Johnston, Arch Hoxsey, 
Turpin and Frank Coffyn. Just a month later, the factory had 
completed three more machines and these were sent for the first 
formal exhibition in the middle of June to the Indianapolis 
Speedway where Walter Brookins established an unofficial alti- 
tude record, with me as a passenger, of some eight hundred feet. 
Many exhibitions, singly and in groups, speedily followed in 
Aurora, Illinois, Atlantic City and many other places, culminat- 
ing in the Meet at Belmont Park in October. Orville and Wil- 
bur in the meantime designed an eight cylinder motor and a 
small racing machine, having it completed and on the field for 
flying on October 10th. Its life was short, however, for on the 
22nd Brookins fell with it, but was not seriously injured, at the 
start of the speed race at Belmont Park. Here Hoxsey and 
Johnston made their historic flights backwards, landing some 
fifteen miles from the flying field in among the trees without 
an accident. This ended exhibition flying for the year in the 
East and also the Wrights’ perfect record as to accidents. On 
the 17th of November, Johnston was killed in an exhibition flight 
in Denver, and the week after, Hoxsey was killed in his home 
town, Los Angeles, in an exhibition flight. 

“In the summer of 1910, a site was picked for the permanent 
factory and by November 7th the factory began its operations. 
Thus the year closed with an exhibition team well organized, a 
new factory established and a financial record which, even in these 
days of huge production, seems enviable. We closed the year 
with a ten per cent dividend to the stockholders, the largest, 
I think, that has ever gone to the stockholders of either the 
Wright Company or its successors. 1911 opened with a New 
York show and a very beautiful sales machine on exhibition. 
Sales quickly followed to the Army and the Navy and quite a 
number of private purchases. Twenty-five men were trained 
to fly and the Wright Company obtained its only licensee in the 
Burgess Company (Curtiss) of Marblehead. The exhibition 
business had publicized the Wright machines and served its pur- 
pose and the company was launched successfully as an engineer- 
ing and manufacturing institution. I severed my connection 
with the management to assume charge of the Burgess Company 
(Curtiss), on November 1, 1911.” 


Grover Loening, who succeeded Mr. Russell as General Mana- 
ger of the Wright Company, continued the reminiscences: 


Grover Loening 

“It is with a feeling of great respect and humility that I venture 
to reminisce about the cradle of aircraft manufacturing, the 
Wright Company factory at Dayton, Ohio, where twenty-seven 
years ago I was so fortunate as to be a humble apprentice, 
eagerly attendant at the feet of Orville Wright. And I can re- 
member to this day that on the anniversary, December 17, 1913, 
ten years after the world had been presented with the miracle of 
flight (how true is the non-appreciation of a prophet in his own 
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immediate environment) because not much fuss was made on 
that date, and Orville Wright in his characteristic modesty and 
purposefulness dismissed it as of no essential import. It was 
only Katherine Wright and I who celebrated. 

“From those early days, the industry has changed very little 
in its fundamentals. What is true now was only too evident 
then—that aircraft design, construction, production and even 
selling was a chess game of constantly clever compromising of 
opposing factors: weight against strength; speed against land- 
ing limitations; good finish against what cost could afford; 
speed of production, fighting against care in inspection; head 
resistance fighting against size and body equipment; and in 
flight testing the constant flirting with the danger line of getting 
the most performance with the least risk. 

“That in a nutshell was aviation then, and to my somewhat con- 
servative way of thinking, is still exactly the position the in- 
dustry finds itself in today despite its growth to 300,000 men, 
billions of man hours of labor, square miles of factories and the 
endless complication of regulation, commissions, restrictions and 
inspections. 

“In no field of human activity can we look back on the past and 
find a truer exemplification of that old saying that there are 
‘no ladders to success—only tight ropes.’ 

“The business of the old Wright Company, very much as now, 
had three principal divisions. There was the Army and Navy 
business for the government, the civilian business for private 
owners—in this case mostly exhibition aviators—and the ever 
necessary flying school. For the Army and Navy in 1913 and 
1914, the Wright Company was building what was known as the 
Model ‘C’ and it was the principal equipment of the Army of 
that day. It was a two-seater, of course, and was equipped with 
a sixty horsepower six-cylinder engine. It was a fine airplane 
that attracted the enthusiasm of Army pilots because of its high 
speed. It could make fifty-five miles an hour where the earlier 
Model ‘B’ could make only forty-three, and also it could climb 
very handsomely to ten or twelve thousand feet where the previ- 
ous model would begin struggling at five thousand feet. A Naval 
version of the Model ‘C’ was a short hull flying boat which used 
the same wings, propeller drive and tail as the Army’s Model 
‘C.’. Remember that at this time, an understanding, explana- 
tion or even correct observation of spinning was unknown, and 
so many accidents were happening to Army aviators in this type 
of airplane that Mr. Wright became seriously concerned and 
worked with increasing diligence on investigating the causes. 
One day, I was called down to his office. He showed me a large 
graph of the airplane in various positions throughout the whole 
cycle of a spin, and for the first time, I believe, the man who 
knew, explained to one who didn’t, the particular reaction that he 
had theoretically determined as happening. He explained the 
accidents by the fact that the pilots were pulling the stick back 
when the airplane was in the spin instead of pushing it forward 
as we all know must be done. As I look back upon it now, I 
consider this an historical moment and Orville’s analysis, evolved 
entirely by himself, as one of his major, contributions to flying 
technique in that period. He at once instructed the aviators at 
the school, particularly the teacher, Oscar Brindley, and the 
Army and Navy aviators. Before long, the accidents due to spins 
began to decrease. 

“The exhibition and private business in my time was still on the 
old four-cylinder Model ‘B,’ also with an engine built by the 
Wright Company. The history of the Wright development 
shows clearly that they could never have progressed had they 
not developed their own engines, as the then existing auto- 
mobile industry had neither talent, ability nor initiative to de- 
sign the type of engine that was needed. The cylinders of the 
Wright engine developed about ten horsepower each. The en- 
gines were upright, water cooled and extremely easy to build, 
and I might call to your attention that at this early date, the 
engines of the Wright Company had nothing less than fuel in- 
jection systems. 


“A picture of the Wright factory at this time shows a fine steel, 
concrete and brick construction originally laid out by Frank 
Russell, of two major buildings covering about 25,000 square feet 
in area, one of which was the main shop with a motor shop at the 
end. The other was the assembly and paint building, with a 
corner for shipment to freight cars at a siding. The Wright 
Company of twenty-seven years ago, of which I speak, was no 
bicycle shop. It was a fine modern plant and at times, humming 
with business. As many of you may recall, the Wright airplanes 
of that day were cleverly designed so that the tail could fold in 
such a way that they could be readily slid into a freight car with- 
out dismantling the main wing structure, the engine installation 
and seats. The freight car was the chief means of transportation, 
although occasionally a road shipment was made on a dolly 
truck, the entire bi-plane wing cell being towed as a unit, side- 
ways. 

“The flying school was located near Simms Station, where, as 
many of you know, a monument now stands ina park. The field 
was nothing more than a slightly large cow pasture, and, while at 
first a catapult was used for launching, it was not long before this 
was given up for four wheels. The activity at the school was 
considerable. There would be as many as twelve or fifteen pupils 
at atime. Among the pupils at the period of which I speak, was 
one of the best that went through the school; conscientious, 
constantly applying himself like any enthusiastic youngster, and 
that is exactly what he still is. I refer to our Fellow and honored 
visitor, Mr. Griffith Brewer. 


“The scenes at the school on a good day, which meant practi- 
cally no wind, and there was much waiting for these good days at 
that time, were quite a little bustling and there was a quick turn- 
around in one flight after another, for the very simple reason that 
the old Model ‘B’ was one of the easiest, quickest and simplest air- 
planes to land ever built. The head resistance was so enormous 
that in order to land, it was literally necessary to point it at the 
spot, and there being little speed-up in the dive, it was the world’s 
cinch for spot landing. Also the tremendous thrust of the two- 
geared-down propellers at the low accelerating speed of take-off 
made the take-off run short and the gradient steep, so that there 
was very little taxiing. In fact, the term had not yet been in- 
vented. Now and then we would get a thrill at the school when 
Orville would come out to test a new airplane. 


“T must pause here to describe a characteristic that always 
fascinated me. The students at the school, and the instructors 
too, would be dressed to the teeth for flying—flying suits, helmets, 
goggles, gauntlets and what not, but the master of the world’s 
flyers, Orville Wright, and he always was just that, would con- 
descend to no such paraphernalia. He turned his cap around 
backwards and put on a very ordinary pair of automobile goggles, 
and on cold days he might turn up his coat collar; but he always 
flew in an ordinary business suit. When he got in the air we could 
all see at once a difference—the smoothness of his flying, the 
oneness of himself and his plane could be sensed from the ground, 
and when he really wanted to test the stability and control and 
exactness in flight of an airplane he would come down and make 
figure eights at steep angles with the tip, I promise you, not more 
than six inches off the grass. His explanation of this was that 
he could tell more accurately the sensitiveness of the airplane to 
its control, and I’ll say that not only he could but those who were 
watching him and holding their breath, were quite sensitive 
about it too. 

“The instruments in flight in those days were two, and to this 
day they would be most useful. One was the famous string— 
a mere piece of ordinary white string about eighteen inches long 
tied to the front of the landing gear cross bar, and an infallible 
detector of the side slips or skids. The other was an instrument 
of Orville’s own manufacture, an air speed meter which was 
merely a flat vane that operated by lifting a weight to which was 
attached the needle that indicated on the dial. This instrument 
was hung out on an outboard strut. 
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“Later, Orville introduced a further useful instrument, the 
angle of incidence indicator, which was merely a vane trailing 
behind, neatly worked out with a needle on its hinge recording its 
position on a fixed dial. Here then was the very beginning of 
that conglomerate nightmare of dials, knobs, gadgets and fan- 
tastic assembly of devices which today we casually refer to as the 
instrument board. 

“At this date, also, Orville had his wind tunnel in operation, 
and would from time to time make investigations on his own basis, 
not on quantitative results as such, but cleverly based on com- 
parative results which gave accurate indications. Which was the 
better of two shapes would be readily solved by placing them 
together in the tunnel, one on each side of a pivot and moving the 
pivot until one is balanced by the other—a perfectly good means 
of testing and one that might even be used to advantage today. 
So, you see, I want to present to you the idea that the Wright 
Company of those days was not a bicycle shop at all. It was 
technically well equipped. The chief engineer and head of the 
company, Orville Wright, was an engineer—more than that, he 
was a scientist—he had his engineering facts always at his finger 
tips, and he investigated, calculated and analyzed with a pre- 
cision that never allowed of any errors. 

‘“Many are the lessons to learn from that era that are exactly 
applicable to what we are doing today. To be sure, the safety 
factors on construction were only between two and three. The 
engineering principles that Mr. Wright insisted upon at that 
early date are what we would do today. No fitting or, for that 
matter, wire loop, would be passed by his inspection that did not 
break the wire. Incidentally, when it came to inspection, Mr. 
Wright was the chief inspector and a terrible, able and ruthless 
one. He would not only be annoyed at bad work but would be 
genuinely angry, and his anger was biting and well to be re- 
membered. 

“Of course, contemplating this era we see a most important 
lesson to be learned today, and that is that the private design, 
construction and development of the airplane preceded by a 
year or two the formulating of Government rules, specification or 
inspection practice, and to this day the latter have never caught 
up with the former. 

“Today any aircraft specification gotten out by the Govern- 
ment must of necessity refer to last year’s airplane, and the 
lesson to learn is one that we can see now if we really wish to 
speed up the development of new types which is so necessary in 
order to put into production something that when produced, will 
not be out of date. The way to speed it up is, first and foremost, 
to withdraw all Government inspectors and all Government 
specifications or restrictions from the developing contractor who 
is building the new craft. Give him a free hand and be prepared 
to write the specification only after he has given birth to his new 
conception. 

“From the production standpoint we also would then learn the 
great lesson that the aircraft industry so painfully sees every day. 
We must be clever at jigs and production machinery; so clever 
that we cannot only produce in quantity but that we can change 
at a moment’s notice in order to keep pace with the rapid progress 
which has never ceased in thirty years. The airplane industry’s 
problem is not quantity production of the same thing. It is 
quantity production of a different thing. 

“Let me mention briefly a few of the personnel of that era that 
were outstanding. First, of course, was the late Oscar Brindley 
great aviator, teacher and fellow; and then we had Benny 
Whelan, Bill Connover and those fearless real old-timers, Jim 
Jacobs and Charlie Taylor. And then we must not forget the 
ever present, ever faithful and ever confident Miss Beck, Orville’s 
secretary. In the rush of this present era of 300,000 men in the 
business—factories by the square mile—this great industry that 
is now grinding out with faithful zeal those arms that are to pro- 
tect us from political, mental and physical slavery, let us pause a 
moment to remember those days in order not to lose the sim- 
plicity, the directness, the honesty in engineering and the no- 





fooling of oneself that that early cradle of aircraft factories had so 
clearly, and all reflecting the character and the inspiring per- 
sonality of Orville Wright.” 


At the presentation of the Wright Brothers Lecture in the 
Pupin Physics Laboratories of Columbia University, T. P. 
Wright, Past President of the Institute, opened the meeting 
before an audience of three hundred members and guests by 
introducing the Honorary Chairman, Griffith Brewer, President 
of the Royal Aeronautical Society of Great Britain. Mr. Brewer 
spoke as follows: 


Griffith Brewer 


“On the occasion of the delivery by Dr. Petterssen of the 
Fourth Wright Brothers Lecture, I feel it a great honor to be the 
bearer of most cordial greetings to you from the Royal Aero- 
nautical Society of Great Britain. 

“Dr. Petterssen’s lecture commemorates the thirty-seventh 
anniversary of the first power flight ever made by Man—by the 
Wright Brothers at Kitty Hawk on the seventeenth of December, 
1903. By a curious coincidence, the Royal Aeronautical Society 
of Great Britain was founded in 1866, just thirty-seven years 
before the Wrights flew. 

“For thirty-seven years, the members of the Society held meet- 
ings at which they discussed the problem of flight, but at the end 
of that time they were as far away from solving it as they were in 
the beginning. 

“While we in England were still discussing how to solve the 
problem, two Americans set to work and solved it. While we 
talked and argued, Wilbur and Orville Wright experimented and 
flew. 

“In 1908 the Wrights came to Europe and flew their airplane. 
Members of the Aeronautical Society went to France and saw 
with their own eyes that flying was an accomplished fact. We 
did not believe it until we saw it. 

“When Wilbur Wright died in 1912, the Aeronautical Society 
founded the Wilbur Wright Memorial Lecture. The first Wilbur 
Wright Lecture was delivered by Sir Horace Darwin in May, 
1913, and succeeding lectures have been delivered every year, 
in peace and in war, without interruption. One year it is de- 
livered by an Englishman, and the following year by an Ameri- 
can. The delivery of the Wilbur Wright Lecture has become, 
in England, the highest recognition of the year in Aeronautical 
Science. 

“In 1937, the Institute of the Aeronautical Sciences founded the 
Wright Brothers Lecture, to be delivered every year in America 
before the Institute and its Branches. Before deciding to follow 
the lines of the Wilbur Wright Lecture, Major Lester Gardner 
very kindly asked me to consider how the Aeronautical Society 
would regard the founding of a lecture in America on similar 
lines to those of the Wilbur Wright Lecture. I replied that I did 
not require any time for consideration but could welcome the 
suggestion at once, with the greatest cordiality. 

“‘My Council have never regretted that spontaneous approval, 
for the Wright Brothers Lecture has since maintained that high 
standard of excellence which rivals the quality of the Wilbur 
Wright Lectures. 

‘‘You may wonder in these days of air attack, whether I come to 
you from a live organization, or whether I come from the ruins 
of its London home. When I left London three weeks after the 
night bombing had commenced, various houses had been struck. 
Now after two months of further indiscriminate bombing, many 
more buildings have been hit. But London is a great city, and 
pictures of wrecked houses are apt to give an exaggerated idea of 
the extent of the wreckage. I therefore sent a cable to Captain 
Pritchard, the Secretary of the Society, asking specifically 
whether the Society’s building had been hit, whether Pritchard’s 
home had been hit and whether my home had been hit. These 
are widely separated points. I am glad to say that I have since 
received a reply saying that all these points are intact. 
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‘You may take it therefore that the Society is still very much 
alive, and that its members in their several war duties are still as 
active as ever. 

“The Society and the Institute enjoy the happiest form of 
partnership—an understanding by will without a deed—the 
happy running together of two brothers, one sixty years oider 
than the other, but both with the full vigor of youth. 

‘‘We are proud to have founded the Wilbur Wright Lecture 
twenty-eight years ago to commemorate your triumph, and we 
welcome your founding of the Wright Brothers Lecture. These 
two lectures form a lasting memorial to the greatest invention of 
the age. 

“In bringing you these cordial greetings, I would express our 
high appreciation of your practical sympathy with our country in 
its struggle for existence. The two leading aeronautical bodies in 
the world have now close bonds of friendship which have proved 
over and over again of great mutual value. 


THE AERONAUTICAL SCIENCES 


“T think of England as a bantam cock fighting in the ring. If 
you want to see him fight, you must feed him. 
“With your help we shall win.” 


Mr. Wright then introduced Dr. Sverre Petterssen, the Lec- 
turer, and presented him with the honorarium of $250 which 
is provided for the Wright Brothers Lecture each year by the Ver- 
non Lynch Fund, endowed by the late Edmund C. Lynch. The 
text of Dr. Petterssen’s lecture, which followed, is published in 
full beginning on page 91 of this issue of the JoURNAL. 

Immediately following the Lecture, Commander F. W. Reichel- 
derfer, Chief of the U.S. Weather Bureau, opened the discussion 
of Dr. Petterssen’s paper, which was participated in by Prof. 
H. G. Houghton, E. J. Minser, Dr. C.-G. Rossby and Prof. A. F. 
Spilhaus. Summary of the discussion will be found on page 102 
of this issue. 


Institute Notes 


FRANK W. CALDWELL, PRESIDENT FOR 1941—OTHER 
OFFICERS ELECTED 


At the meeting of the Council of the Institute on November 8, 
1940, Frank W. Caldwell, Director of Research of United Air- 
craft Corporation, was elected President of the Institute for 1941. 

Other officers elected for 1941 were: Vice-Presidents—W. A. 
M. Burden of National Aviation Corporation; Charles H. Colvin, 
Chief of the Instrument Division, U.S. Weather Bureau; Hall L. 
Hibbard, Vice-President and Chief Engineer, Lockheed Aircraft 
Corporation; Philip G. Johnson, President and General Manager, 
Boeing Aircraft Company; Executive Vice-President—Lester D. 
Gardner; Treasurer—Grover Loening, Consulting Aeronautical 
Engineer; Secretary—C. E. Sinclair. 

President-elect Frank W. Caldwell is a Fellow of the Institute 
and received the Sylvanus Albert Reed Award for 1935 in recogni- 
tion of his contributions to the development and improvement of 
controllable and constant speed propellers for aircraft. He is a 
graduate of Massachusetts Institute of Technology and began 
his aeronautical work in 1916 in the propeller department of the 
Curtiss Aeroplane & Motor Company. From 1917 to 1928 he 
was in charge of propeller development for the U.S. Army air 
service. In 1929 he became chief engineer of the Standard Steel 
Propeller Company and later Chief Engineer and Engineering 
Manager of Hamilton Standard Propellers Division of United 
Aircraft Corporation. He held this latter position until a few 
months ago when he took over the direction of all research for 
the United Aircraft Corporation. : 

Mr. Caldwell will be inducted into office at the Honors Night 
Dinner on January 28th. 


HuGuH L. DRYDEN TO RECEIVE REED AWARD FOR 1940 


Dr. Hugh L. Dryden of the National Bureau of Standards has 
been chosen by the Fellows of the Institute as the 1940 recipient 
of the Sylvanus Albert Reed Award which is conferred annually 
for notable contributions to the sciences relating to aeronautics. 
Presentation of the award will take place at the Institute’s 
Honors Night Dinner in New York on January 28th. 

Dr. Dryden, who is an Honorary Fellow of thé Institute, has 
been named for this honor ‘‘for his contributions to the mechanics 
of boundary layer flow and to the interpretation of wind tunnel 
experiments.”’ He is Chief of the Mechanics and Sound Divi- 
sion of the National Bureau of Standards and has been on the 


staff of the Bureau since 1918. He received the degree of 
Doctor of Philosophy from Johns Hopkins University in 1919. 
Dr. Dryden’s work has been principally concerned with studies 
of wind pressure on structures, turbulence in wind tunnels and 
measurement of the boundary layer. The many papers that 
he has published constitute a notable contribution to this field of 
research. In December, 1938, he gave the annual Wright Broth- 
ers Lecture before the Institute of the Aeronautical Sciences on 
the subject of “Turbulence and the Boundary Layer.” This 
report presented some of the results of his research carried out 
over the previous ten years at the Bureau of Standards and de- 
scribed the “‘hot-wire anemometer’’ which he had developed and 
used in the important series of aerodynamical studies cited in the 
presentation of the Award. 

The Reed Award, which carries an honorarium of $250, was 
endowed in 1933 through a bequest of $10,000 to the Institute 
by the late Dr. S. A. Reed, designer of metal aircraft propellers. 
Previous recipients of the Award are: C.-G. Rossby and H. C. 
Willett of Massachusetts Institute of Technology, in 1934; 
Frank W. Caldwell of the United Aircraft Corporation, in 1935; 
Edward S. Taylor of the Wright Aeronautical Corporation, in 
1936; Eastman N. Jacobs of the National Advisory Committee 
for Aeronautics, in 1937; Alfred V. de Forest of Massachusetts 
Institute of Technology, in 1938; George J. Mead, Vice-Chairman 
of the National Advisory Committee for Aeronautics, in 1939. 


W. BAILEY OSWALD RECIPIENT OF LAWRENCE SPERRY 
AWARD FOR 1940 


The Board of Award has selected Dr. W. Bailey Oswald of the 
Douglas Aircraft Company to receive the Lawrence Sperry 
Award for 1940 with the citation ‘‘for analytical studies in aero- 
dynamics which have greatly facilitated the accurate design and 
economical operation of airplanes.”’ 

The award honors the memory of the late Lawrence Sperry, 
pioneer aviator and inventor, who was drowned at the age of 31 
as the result of a forced landing in the English Channel in 1923. 
Endowed by the brothers and sister of Lawrence Sperry, the 
award is accompanied by an honorarium of $250 and is pre- 
sented annually by the Institute for a notable contribution made 
by a young man to the advancement of aeronautics. 

Dr. Oswald was born in Louisville, Kentucky, in 1906 and re- 
ceived his education at Louisville High School, the University of 
California at Los Angeles and the California Institute of Tech- 
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nology. At the latter institution he held a fellowship in wind 
tunnel research and was awarded a Ph.D. in Aeronautics in 1932. 
Since then he has been on the engineering staff of the Douglas 
Aircraft Company where he is now Chief of the Aerodynamics 
Group. During the past eight years his work in practical aero- 
dynamics has contributed substantially to methods of calculating 
airplane performance, the effect of high altitude flying on airplane 
performance and economic and safety factors in modern air 
transport operation. His studies on these subjects have been 
published in the Journal of the Aeronautical Sciences, Air Corps 
and N.A.C.A. reports and other aeronautical publications. Dr. 
Oswald is a Fellow of the Institute, a member of the American 
Society of Mechanical Engineers and of Sigma Xi. 


NINTH ANNUAL MEETING 
JaNuaRY 28 to 31, 1941, New York 


(All Technical Sessions will be held in the Pupin Physics Labora- 
tories, Columbia University, 120th Street & Broadway, 
New York.) 

Members and guests attending the Technical Sessions will regis- 
ter at meeting headquarters in the Pupin Physics Laboratories 
at Columbia University. Registration fee for the three days is 
$1.00. 

Ladies are invited to attend the Technical Sessions and the 
Honors Night Dinner. 

The Institute headquarters will be open on the evenings of 
Wednesday and Thursday, January 29th and 30th. Members 
are invited to come and bring their friends to see an exhibition of 
aviation rarities in the Aeronautical Archives. 


Honors Night Dinner 
Tuesday, January 28, 1941, at 7:30 p.m. 
Grand Ballroom of the Hotel Biltmore, New York 

Guest of Honor: Mr. Griffith Brewer, President of the Royal 
Aeronautical Society of Great Britain, who will speak on ‘Fifty 
Years of Aeronautical Experiences.” 

Toastmaster: Major James H. Doolittle, President of the In- 
stitute. 

Induction of Fellows, Honorary Members and Honorary Fel- 
low of the Institute for 1940. 

Presentation of The Sylvanus Albert Reed Award, The 
Lawrence Sperry Award, The Octave Chanute Award, The John 
Jeffries Award, The Robert M. Losey Award and The Daniel 
Guggenheim Medal. 

Induction of the President of the Institute for 1941. 

Announcement of an important gift to the Institute. 


RESERVATIONS FOR THE DINNER 


Owing to the unexpectedly large attendance at last year’s 
dinner, those who were late in making reservations had to be 
seated at the outer tables. Please assist the Dinner Committee 
by ordering your tickets early. No cancellations of reservations 
can be made after 11:00 a.m., Monday, January 27th, as the 
guarantee for the number of places must be given to the hotel at 
that time. 

Places in the Balcony of the Ballroom will be reserved for mem- 
bers who bring ladies as their guests. Balcony tables seat four 
persons. Members may have ladies included in their parties 
at tables on the Main Floor when an entire table is reserved. 
Tables on the Main Floor seat ten persons. 

Those reserving entire tables should send the list of their guests 
as soon as possible, by January 22nd at the latest. Please give 
names in full as you wish them to be printed on the seating list. 
The ten or twelve center tables on the Main Floor will be re- 
served for Officers an special guests of the Institute. 

Informal evening dress (black tie) will be worn. 

Cocktails and highballs may be ordered in the reception lounge 


adjoining the Ballroom between 6:30 and 7:20. The dinner will 
start promptly at 7:30. Complete beverage service will be 
available at tables during the dinner and in the lounge after 
dinner. 

Tickets for the dinner are $5.50 each (including 50c for gratui- 
ties and tax). Orders should be accompanied by check and 
mailed to the Institute, 1505 RCA Building West, Rockefeller 
Center, New York City. 


TECHNICAL SESSIONS 
Wednesday, January 29 


9:15 a.m. ROTATING WING AIRCRAFT, Part I 


Chairman: 
RavtpH H. McCvarren, The Franklin Institute 

Possibilities of a High Speed Helicopter—Lloyd H. Leonard, 
National Advisory Committee for Aeronautics 

A Simplified Method of Determining the Characteristics of a 
Lifting Rotor in Forward Flight—F. J. Bailey, Jr., National 
Advisory Committee for Aeronautics 

The Propulsion of Helicopter Rotors—E. A. Stalker, University 
of Michigan 

Relative Over-All Efficiency of Anti-Torque Systems—-W. F 
Gerhardt, Wayne University 


12:30 p.m. LUNCHEON 
Columbia University Men’s Faculty Club 
2:00 p.m. INSTRUMENTS 
Chairman: 


CHARLES H. Corvin, U.S. Weather Bureau 

Maps for Long Distance Flights—Bradley Jones, University of 
Cincinnati 

The Daytime Photoelectric Measurement of Cloud Heights— 
Maurice K. Laufer and Lawrence W. Foskett, National Bureau 
of Standards 

Flight Level Indicator—Robert W. Knight, Civil Aeronautics 
Administration 

The Rate of Turn Meter—P. A. Noxon, Pioneer Instrument 
Div., Bendix Aviation Corp. 

Effect of Compass Location in Aircraft upon Dynamic Errors— 
Walter Wrigley, Sperry Gyroscope Company 


2:00 p.m. ROTATING WING AIRCRAFT, Part II 


Chairman: 
RICHARD H. Prewitt, Kellett Autogiro Corp. 

Recent Army Work on Rotor Blades—Victor R. Haugen, U.S. 
Army Air Corps, Wright Field 

Development of the Latest Type Pitcairn Autogiro—Agnew E. 
Larsen, Pitcairn Autogiro Corp. 

Stability of Helicopters—(Including Demonstration)—Arthur M. 
Young 

Recent Air Corps Developments in Rotating Wing Aircraft— 
H. F. Gregory, U.S. Army Air Corps, Wright Field 

Development of the VS-300 Helicopter—Igor I. Sikorsky, 
Vought-Sikorsky Aircraft, United Aircraft Corp. 


5:00 p.m. ANNUAL BUSINESS MEETING 
Reports of Officers and Election of Council Members 
8:00 p.m. PHYSIOLOGICAL PROBLEMS 
Chairman: 


ARNOLD D. Tutte, United Air Lines Transport Corp. 
Acting Chairman: 
Ross A. McFARLAND, Harvard University 


Requirements of Military Oxygen Supply Apparatus—J. R. 
Poppen, Bureau of Aeronautics, Navy Department 
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Recent Trends in Army Aviation Medicine—O. O. Benson, U.S. 
Army Aero Medical Research Laboratory, Wright Field 

The Use of Liquid Oxygen for High Altitude Flying—John 
D. Akerman, University of Minnesota 

High Altitude Flying: Prevention of Anoxemia and Aeroem- 
bolism—Walter M. Boothby and W. Randolph Lovelace, II, 


Mayo Clinic 


Thursday, January 30 


9:15 a.m. STRUCTURES 


Chairman: 
Joun E. YouNGER, University of Maryland 
Stainless Steel Control Surfaces—G. G. Cudhea, Fleetwings, Inc. 
Proportioning of Aircraft Frameworks—Nicholas J. Hoff, Poly- 
technic Institute of Brooklyn 
Least Work Solutions of Shear Lag Problems—Eric Reissner, 
Massachusetts Institute of Technology 
Design of Incomplete Tension Field Beams—E. Robert Reff, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 
General Instability of Cylindrical Structures—Louis Dunn, 
California Institute of Technology 


ORGANIC and SYNTHETIC MATERIALS 


Chairman: 
WiiuraM C. GEER, Research Chemist 

Natural and Synthetic Rubbers—({Including Demonstration)— 
James W. Schade, B. F. Goodrich Company 

Specific Applications of Vulcanized and Rubber-Like Materials in 
Airplane Construction—Charles J. Cleary, U.S. Army Air 
Corps, Wright Field 

Aircraft Plywood and Adhesives—Thomas D. Perry, 
Resinous Products and Chemical Company 


2:00 p.m. 


The 


LUNCHEON 
Columbia University Men’s Faculty Club 
POWER PLANTS 


12:30 p.m. 


2:00 p.m. 
Chairman: 

C. FaveTTE TayLor, Massachusetts Institute of Technology 

Light Aircraft Engines—Harold Morehouse, Lycoming Div., 
Aviation Manufacturing Corp. 

Development Problems of Light Aircraft Engines—Carl T. 
Doman, Air Cooled Motors Corp. 

Possibilities of the Two-Stroke Cycle for Small Aircraft Engines 
—A. R. Rogowski, Massachusetts Institute of Technology 


8:00 p.m. AIR TRANSPORT 


Chairman: 
J. PARKER VAN ZANDT, Civil Aeronautics Board 
Short-Haul Air Transportation—C. Bedell Monro, Peunnsyl- 
vania-Central Airlines Corporation 
Economic and Technical Aspects of Air Carrier Regulations— 
Robert J. Smith, Braniff Airways 
The Place of the Air Transport Industry in the National Defense 
—T. B. Wilson, Transcontinental and Western Air, Inc. 
Evaluation of Cargo Plane Design Variables—Adolph Burstein, 
Stinson Aircraft Div., Vultee Aircraft, Inc. 


Friday, January 31 


9:15 a.m. AIRPLANE DESIGN 


Chairman: 
WiLuiaM H. MILLER, Bureau of Aeronautics, Navy Department 
Air-Cooled versus Liquid-Cooled Aircraft—John G. Lee, United 


Aircraft Corp. 
Some Aspects of Flying Boat Design and Possibilities— Michael 
Watter, Aircraft Div., Edward G. Budd Manufacturing Corp. 
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An Approach to the Flutter Problem through Laboratory Tests— 
Charles B. Lyman, Bureau of Aeronautics, Navy Department 

Propeller Design Problems of High Speed Airplanes—H. B. 
Dickinson, Lockheed Aircraft Corp. 

Mass Balancing of Airplane Control Surfaces—H. Katz, U.S. 
Naval Aircraft Factory 


9:15 a.m. METEOROLOGY 


Chairman: 
ATHELSTAN F. SprtHaus, New York University 

The Mount Washington Icing Research Program—D. L. Aren- 
berg, Blue Hill Meteorological Observatory, Harvard Univer- 
sity, and Patrick J. Harney, U.S. Weather Bureau 

On the Technique of Forecasting Low Ceilings and Fogs—J. J. 
George, Eastern Air Lines, Inc. 

Further Comparisons of Meteorological Soundings by Radio 
Waves with Radiosonde Data—Albert W. Friend, Harvard 
University 

The Effect of Shear on the Propagation of Waves in the Wester- 
lies—N. Garstens, Massachusetts Institute of Technology 

Dynamical Approach to Isentropic Analysis——R. B. Mont- 
gomery and Athelstan F. Spilhaus, New York University 


12:30 p.m. LUNCHEON 
Columbia University Men’s Faculty Club 
1:45 p.m. AERODYNAMICS 


Chairman: 
W. BarLey Oswa_p, Douglas Aircraft Company 

Factors Affecting Longitudinal Control Forces—George S. 
Trimble, Jr., The Glenn L. Martin Company 

Directional Stability and Vertical Surface Stalling—George 
Schairer, Boeing Aircraft Company 

Flutter Experiments and Applications of Theory—William 
Bollay and C. D. Brown, Harvard University 

Compressibility Effects in Aerodynamics—Th. von Karman, 
California Institute of Technology 

Flutter of Wing Sections—(Including Demonstration)—Maurice 
A. Biot, California Institute of Technology 


PERSONNEL OPPORTUNITIES 


The Personnel Bureau serves individual members, as well as 
organizations seeking to employ aeronautical specialists. Any 
member or organization may have requirements listed without 


charge. 
Wanted 


Air Transport Carrier has an opening for a Supervisory or Chief 
Draftsman. Applicants should be familiar with A.N. standards, 


’ preferably one with engine design tolerance and experience de- 


sired. Should have had at least 5 years’ experience in aircraft 
work and be able to supervise draftsmen. Address reply to Box 
117, Institute of the Aeronautical Sciences. 

Engineer with several years’ experience in aerodynamics and 
flight research, for employment with progressive California con- 
cern. Address reply to Box 118, Institute of the Aeronautical 
Sciences. 

Mechanical engineers and electrical engineers with two years’ 
aircraft experience or three years of manufacturing experience in 
precision instrument field. Knowledge of hydraulics, electronics 
or aerodynamics will be useful. A commercial employment 
agency has several openings for men with experience along these 
lines. Address reply to Box 119, Institute of the Aeronautical 


Sciences. 
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Available 


Graduate aeronautical engineer would like position on design 
staff or as development engineer. Many years of experience in 
design, development and project engineering. Specialist in the 
design of military aircraft and armament, and formerly in charge 
of armament design with prominent airplane company. Address 
reply to Box 120, Institute of the Aeronautical Sciences. 


STUDENT BRANCHES 


Boeing School of Aeronautics. On December 6th, the follow- 
ing officers were elected: E. J. Krenz, Honorary Chairman; 
Hollis H. Schunter, Chairman; L. Dalton Ford, Vice-Chairman; 
and H. Peter Wenzel, Secretary-Treasurer. 


Polytechnic Institute of Brooklyn. At a meeting held on 
October 21st, officers were elected as follows: Dr. R. P. Harring- 
ton, Honorary Chairman; Sebastian V. Nardo, Chairman; 
Paul A. Libby, Vice-Chairman; and William S. Holmes, Secre- 
tary-Treasurer. Dr. Harrington spoke on the value of the I.Ae.S. 
as an undergraduate and as a technical society. At subsequent 
meetings, Dr. Nicholas Hoff spoke on ‘‘Experiences in Soaring,”’ 
Harold Robinson gave the Student Branch lecture on ‘“‘A Method 
for Reducing Costs and Increasing Speed of Production of Planes” 
by C. F. Nagel, Jr., and the Institute film on “Streamline Visuali- 
zation” was shown. On December 3rd, William S. Holmes gave 
the Branch Lecture on ‘‘Economic Factors in the Evolution of Air 
Transport Design” by E. P. Warner. Members of the Branch 
heard Dr. Sverre Petterssen deliver the Fourth Wright Brothers 
Lecture on ‘“‘Recent Fog Investigations” at Columbia University 
on December 17th. 


Casey Jones School of Aeronautics. Major Gerald V. Kelly, 
Commandant of the Army Air Corps Detachment at the Casey 
Jones School, spoke to members of the Branch on November 28th 
on the planning of an Air Corps career. At a later meeting, 
Harry Roffelsen gave the Branch Lecture on “‘A Method for Re- 
ducing Costs and Increasing Speed of Production of Planes” 
by C. F. Nagel, Jr On December 17th, the Fourth Wright 
Brothers Lecture by Dr. Sverre Petterssen on ‘‘Recent Fog 
Investigations’ was delivered by Nicholas Kintzer. 


Harvard University. Dr. William Bollay, Honorary Chairman, 
presided at the first meeting of the school year at which the fol- 
lowing officers were elected: J. Norman Ball, Jr., Chairman; 
Martin E. Barzelay, Vice-Chairman; and Richard E. Lewis, 
Secretary-Treasurer. At meetings held on November 7th 
and December 3rd, talks were given by J. Norman Ball, Jr., and 
Martin E. Barzelay, respectively. 


New York University. Officers for the school year were elected 
as follows: Alfred Crisi, Chairman; Salvatore Xifo, Vice-Chair- 
man; and Albert Pinto, Secretary-Treasurer. Guest speakers 
at meetings included Capt. John Miller of Eastern Air Lines and 
Capt. G. A. Heinz. On December 17th, the Fourth Wright 
Brothers Lecture on ‘‘Recent Fog Investigations” by Dr. Sverre 
Petterssen was presented by Bernard Charles. 


University of Notre Dame. At a meeting held on November 
27th, Ralph S. Damon, Vice-President of American Airlines, 
spoke on ‘‘Engineering Problems of Airline Operation.” At a 
later meeting, the Institute film on ‘Streamline Visualization” 
was shown. 


Rensselaer Polytechnic Institute. Chairman Anderton pre- 
sided at a meeting held on October 24th at which Michael E. 
Gluhareff, Chief Designer of Vought-Sikorsky Aircraft, spoke on 


testing of flying boats. A discussion followed. At subsequent 
meetings, Robert Stark gave a paper on ‘‘Plastics in Aircraft’ 
and Stuart Fuller presented a paper on ‘“‘Long Range Forecast- 
ing.”’ 


Tri-State College. At a meeting held on December 9th, officers 
were elected as follows: Charles Richman, Chairman; William 
Riedhardt, Vice-Chairman; and Robert Peters, Secretary- 
Treasurer. 


SECTIONS 


Los Angeles. Dr. Irving P. Krick presented the Fourth 
Wright Brothers Lecture by Dr. Sverre Petterssen on ‘‘Recent 
Fog Investigations” at a dinner meeting held on December 17th. 


CHANGES IN MEMBERSHIP 


The following changes in the membership of the Institute have 
occurred since the publication of the previous issue of the Journal. 


ELECTED TO MEMBER GRADE 


Beall, Wellwood Edmeston, Ae.E.; M.I.Ae.S.; Chief Engineer, 
Boeing Aircraft Co. 

Ciffrin, Assaf, Dr. Sc.; M.I.Ae.S.; Consulting Engineer; Gradu- 
ate Research Student, New York Univ. 

Cohn, Benedict, M.S.; M.I.Ae.S.; Sr. Aerodynamicist, Boeing 
Aircraft Co. 

Fisk, Albert S., M.I.Ae.S.; Sr. Product Engineer, Head of Air- 
craft Gyropilot Instrument Dept., Sperry Gyroscope Co.; 
Instructor, Engineering Dept., Polytechnic Inst. of Brooklyn. 

Herreshoff, Alexander Griswold, M.I.Ae.S.; Chief Engineer of 
Research, Chrysler Corp. 

Killian, Joseph Patrick, M.I.Ae.S.; Schedules Engineer, Republic 
Aviation Corp. 

Palmer, Edward Donald, M.S. in Ae.E.; M.I.Ae.S.; Project 
Engineer, Lockheed Aircraft Corp. 

Trent, William Carmichael, A.B.; M.I.Ae.S.; Assoc. Mech. 
Engineer, U.S. Naval Aircraft Factory. 


ELECTED TO INDUSTRIAL MEMBER GRADE 


Capehart, Bernard Carl, M.I.Ae.S.; Sales Promotion Director, 
Popular Aviation and Flying. 

Horchler, Bennett Henry, M.I.Ae.S.; Manager, “Aeronautical 
Review,’’ The Paul Kollsman Library, I.Ae.S. 

Sawyer, Marion Bell, M.I.Ae.S.; President, Sawyer Electrical 
Mfg. Co. 

Sawyer, Marion Bell, Jr., M.I.Ae.S.; Secretary and Treasurer, 
Sawyer Electrical Mfg. Co. 


ELECTED TO TECHNICAL MEMBER GRADE 


Coblentz, George Samuel, Jr., B.S. in M.E.; Stress Analyst, 
Vultee Aircraft, Inc. 

Dawee, Chulladrapya, Flying Officer, Royal Thai Air Force. 

Krause, Walter John, B.S. in Ae.E.; Project Engineer, Cessna 
Aircraft Co. 

Krieger, Stuart A., B.S.; Stress Analyst, Northrop Aircraft, Inc. 

Macdonald, Desmond Fraser, Student Pilot, Royal Canadian 
Air Force, Canada. 

Powers, Joseph William, Student, Mech. Engineering, Univ. 
Southern California. 

Slaughter, Lomis, Jr., B.S. in M.E.; Engineer, Anderson Green- 
wood & Co. 


Yui, Sing-fuh, B.S.; Graduate Aero. Student, Purdue Univ. 
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Aerodynamics 


Flow Photographs of a Propeller Slipstream Disturbed by a Wing. 
I. Fluegge-Lotz and K. Solf. Thirty-three anaglyphs (colored photographs 
to give perspective) are presented, and a macyscope to view the anaglyphs 
is clipped to the magazine. These anaglyphs illustrate the following: 
propeller slipstream without the wing; effect of angle of incidence of the 
wing; effect of the wing depth; effect of the angle between propeller axis 
and wing chord; effect of distance between propeller axis and wing chord; 
influence of drift; effect of distance between propeller axis and wing chord 
fora drifting airplane; and effect of a considerable disturbance at the wing. 

The slipstream adapts itself to the wing flow, and the wing reduces the 
twist of the slipstream when intersecting it. Portions of the slipstream 
separated by the wing are deflected toward the side in the direction of slip- 
stream rotation as long as they are under the immediate influence of the wing. 
The portions of the slipstream do not entirely combine later. Direction and 
magnitude of the deflection correspond to the twist of the particular slip- 
stream portion. In the case of a drifting airplane, the lateral flow induced 
by the oblique flow against the wing can amplify or weaken the lateral de- 
flection of the slipstream portion, according to the direction of propeller 
rotation and direction of drift. Slipstream relation is not perceptibly inter- 
rupted by an engine nacelle. 

Tests were conducted in water and the slipstream was made visible by the 
introduction of air. Test apparatus is described and results obtained are 
discussed. Report of the Goettingen Aerodynamic Research Inst. Luft- 
fahriforschung, June 20, 1940, pages 161-166, 40 illus. 

The Analogy between Fluid Friction and Heat Transfer. Th. von Kar- 
man. Paper published in a previous issue is discussed by B. A. Bakhmeteff. 
Heat-transfer analogy, originally offered by Reynolds and substantiated by 
observation and experiment, is considered. It is shown that certain in- 
consistencies are easily removed if instead of using the “momentum,” * one 
were to interpret the Reynolds analogy in terms of ‘‘energy. Physically 
there is no reason why the analogy between heat transfer and friction should 
not be considered in energy terms. In fact, convective heat transfer is a 
process of diffusion, and the rate of the latter is appropriately reflected by 
energy loss. Insulating effect of the laminar film is especially evidenced by 
comparative outlines of the 7 curves which are illustrated. A.S.M.EF 
Trans., October, 1940, pages 551-553, 2 illus., 10 equations. 


Aircraft Design 


Control-Surface Mass-Balancing. P. B. Walker. Aircraft control sur- 
faces dealt with are those which are not liable to severe distortion under 
inertia loadings and which can be assumed as rigid. Mass balancing for all 
potential adverse conditions is the primary aim, and to distinguish it from 
less complete forms of mass balancing it is referred to as dy namic balancing. 
Simple static and dynamic modes of mass balance are considered. Mass 
balance properties in regard to change of axis, basic axis, and the indeter- 
minate case are taken up and rules for mass balance are presented. Tech- 
nique of dynamic balancing by one weight and by two weights, and a diffi- 
cult case are considered, and a general procedure is outlined. Although rigid 
control surfaces with hinges mounted on a rigid structure are the main con- 
cern, some consideration is also given to the effects of flexibility. Modes 
of deformation requiring consideration are flexure of the hinge line, torsional 
deformation about the hinge line, and chordwise flexure. Aircraft Engg., 
October, 1940, pages 290-292, 5 illus., 8 equations. 


Stress ANALYSIS AND STRUCTURES 


Fatigue in Aeroplane Structures. O. Nissen. ‘‘A German appreciation 
of the relationship of recurrent stresses and aan failure.’’ Appearance 
of and stresses due to oscillations caused by periodic aerodynamic and power- 
unit impulses, and strength with respect to recurrent stresses (materials and 
structural components and their manufacture) are discussed with notes on 
the experience and knowledge acquired at the Junkers works. Numerous 
examples of failures are illustrated. According to Junkers experience the 
principal factors contributing toward the production of engine oscillations 
are the dynamic out-of-balance of the propeller, the first and second har- 
monic inertia forces of radial engines and impulses at half throttle due to 
irregular intake in the case of four-stroke inline engines. 

Results of a Junkers calculation, by means of which the effect of elastically- 
mounted engines in the wing on the critical speed for wing flutter was investi- 

gated, are shown in a curve. New type of Junkers wing construction is 
filustrated. In order to obtain a further guide as to the number of service 
hours after which the limit of time/strength i is actually reached with the old 
and new types of Junkers wing structure, two time/strength tests were 
carried out on a Ju.52 wing girder and on a flat-flange solid-web girder used 
in the new design. These tests are described. Translated from ‘Jahrbuch 
1938 der Deutschen Luftfahrtforschung.”’ Aircraft Engg., October, 1940, 
pages 293-295, 306, 16 illus., 1 table. 

Measurement of Impact Strains by a Carbon-Strip Extensometer. R. 
Fanning and W. V. Bassett. Paper published in March issue is discussed 
by R. K. Bernhard, K. J. DeJuhasz and J. N. Goodier, with the authors’ 
reply. R.K. Bernhard describes tests similar to those made by the authors, 
purpose of the inv estigation being determination of propagation velocity of 
longitudinal waves in a complete structure and not in a single bar. 

J. K. DeJuhasz states that the impact-phenomena data given covers the 
entire field of elastic transient phenomena, also embracing injection phenom- 
ena in Diesel engines. He explains and illustrates velocity- strain diagrams 
(developed in research on injection phenomena in Diesel engines at Penn- 
sylvania State College) which cover two bars of equal length and cross sec- 
tion _ a stationary free long bar impacted by a moving short bar. 

Goodier raises the question of a suitable means of calibration of 
et gages under dynamic conditions. Jour. Applied Mechanics, Septem- 
ber, 1940, pages A-125-A-127, 9 illus., 1 equation. 


13 


The Normal Modes of Vibrations of Beams Having Noncollinear Elastic 
and Mass Axes. C. F. Garland. Vibration characteristics of cantilever 
beams are analyzed in which the longitudinal axis, passing through the mass 
centers of the elementary sections, is not collinear with the longitudinal axis 
about which the beam tends to twist under the influence of an applied tor- 
sional coupie. From the expressions derived natural frequencies and normal 
modes of vibration of such a beam can be determined. The Rayleigh- Ritz 
method is employed to determine frequencies and amplitude ratios. More 
specific equations are derived which express the natural frequencies and rela- 
tive amplitudes of motion in each of two normal modes of vibration. Theo- 
retical relationships of the several physical properties of the beam to the 
natural frequencies of vibration are shown graphically. Numerical example 
is computed and results are compared with those determined experimentally. 
Jour. Applied Mechanics, September, 1940, pages A-97—A-105, 10 illus., 32 
equations. 


Strengthening Cylindricai Tanks of Variable Thickness under External 
Pressure by Circular Stiffening Rings. C. B. Bienzeno and J. J. Koch, 
University of Delft. Strengthening of a tank whose factor of safety is in- 
sufficient. Great help may be expected from one or two stiffening circular 
rings, adjusted in the upper part of the tank where the thickness of the shell 
is small. Calculation of such rings is demonstrated. Discussion covers 
differential equations of the buckling problem of a cylinder of constant thick 
ness subjected to a radial pressure; differential equations of the buckling 
problem of a tank built up of a number of cylinders, each of constant thick 
ness; problem of an elastically supported bar composed of nm segments; 
buckling criterion; and strengthening effect of circular rings. Jour. Ap- 
plied Mechanics, September, 1940, pages A-106—A-108, 2 illus., 21 equations 


Ultimate Tensile Strengths of T50 Tubes. Table gives ultimate tensile 
strengths of T50 steel tubes which have been drilled for single bolts or pins of 
the various diameters shown (from 24- to 10-gage tube for bolt-hole diam 
eters from !/s to '/2in.). Strengths for other materials may be obtained by 
multiplying in the ratio FT/112,000 where FT is the ultimate tensile strength 
of the material to be used. Aircraft Engg., October, 1940, suppl. sheet. 


Effects of a Change of Poisson’s Ratio Analyzed by Twinned Gradients. 
H. M. Westergaard. Simple solutions of Boussinesq’s problem of a normal 
force, and of Cerruti’s problem of a tangential force acting on the surface of 
a large solid, and a simple derivation of the stresses in a rotating thick disk 
are presented to illustrate the discussion. Some problems of elasticity have 
a simple solution for a particular value of Poisson’s ratio. For example, 
Boussinesq’s problem of a normal force and Cerruti’s problem of a tangential 
force, acting on the plane surface of a semi-infinite solid, are solved when 
Poisson’s ratio is '/2 by referring to Kelvin’s problem of a force at a point in 
the interior of an infinite solid. For, when Poisson's ratio is !/2, the solu- 
tion of Kelvin’s problem can be stated in terms of one principal stress at each 
point, acting along the radial line from the point of the load; the other 
principal stresses are zero; and one half of the total force may be assigned to 
one half of the infinite solid. Other values of Poisson's ratio terms must 
be added in the formulas for the displacements and stresses. The deriva- 
tions that have been available are somewhat lengthy, especially for Cerruti’s 
problem. The difficulties are reduced by a simple analytical device, here 
called “the twinned gradient.’’ Displacement to be added by the change of 
Poisson's ratio is stated as the gradient of a potential except that one of the 
components is replaced by its twin, an identical component in reversed direc- 
tion. This device also lends itself to a simplification of the analysis of 
stresses in a rotating thick disk. Jour. Applied Mechanics, September, 
1940, pages A-113—A-116, 56 equations. 


Graphical Construction of Diving Speeds. H. Behrbohm. A rapidly- 
performed graphic method is developed to determine, from a given initial 
altitude and initial speed, for any given final altitude, the speed of flight 
attained by an airplane in a vertical dive (or gliding flight at constant angle 
of inclination of flight). Report of Messerschmitt-A.-G. Luftfahrtfors- 
chung, June 20, 1940, pages 167-171, 5illus., 1 table, 13 equations. 


Application of Similitude Mechanics. A. Reinhardt. The conventional 
similitude conversion to dimensionless coefficients is explained physically as 
a scale transformation applicable to a measuring system for models, the units 
of measure of which are derived in a simple and generally agreed manner 
from the principal quantities of the model procedure. The coefficients are 
complete measurement data in this relative measuring system, and their 
measurement numbers naturally are dimensionless in themselves. This 
method of calculation is compared with the scale model used in water-turbine 
construction. The manner in which one method of calculation can be con- 
verted into the other is indicated. Luftfahrtforschung, June 20, 1940, pages 
172-173. 

The Buckling of a Thin Circular Arch. J. Ratzersdorfer. A curved bar 
with its center line in the form of an arc of a circle of radius r and having a 
constant thickness, which is small in comparison with other dimensions, is 
considered. The arc is submitted to the action of a uniformly distributed 
pressure ? per unit of length. It isin equilibrium with a uniform compression 
by the forces P = pr in the direction of the tangent tothe arc. If p exceeds 
a certain value, the bar bends and, besides the longitudinal compression, a 
flexure is also caused. The case of bending of the axis in its plane in relation 
to the important hypothesis that the direction of the pressure p remains un- 
changed during the deformation is taken up. Elastic equations and condi 
tions for equilibrium, the circular arch with hinged ends, the circular arch 
with built-in ends, and the complete circular ring are discussed. Engineer- 
ing, October 11, 1940, pages 284-285, 3 illus., 8 equations. 


Magnesium in Aircraft. N. E. 


? Woldman, Bendix Aviation Corp. Prop- 
erties of magnesium-base alloys; 


various products; castings and their heat 

treatment and characteristic uses; forging alloys; wrought alloys; some 
general properties; corrosion and its prevention; and applications in air 
craft of sheets, bars, extrusions, forgings and permanent-mold, die and sand 
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castings. Five tables of data on these products, and photographs of parts 
made by Eclipse are included. Metals & Alloys, October, 1940, pages 430- 
435, 10 illus., 5 tables. 


Aircraft Manufacture 


Spot Welding in Aircraft Construction. C. F. Marschner, McDonnell 
Aircraft Corp. There is definite need for standardization along some phases 
of aircraft spot welding and certain equipment to assist in this standardiza- 
tion must be developed. It is recommended that a small group of repre- 
sentatives of firms engaged in the manufacture of aluminum spot welders be 
appointed by the American Welding Society to be responsible for standardiza- 
tion and development in cooperation with the aircraft industry and the Army 
and the Navy. Projects to be considered by the group are proposed. 
Equipment for spot welding aluminum alloys and the design of parts for 
spot welding are discussed. Table shows a comparison between riveting 
and spot welding on a typical spot-welded aluminum-alloy airplane on which 
over 50 per cent of the welding was on the basic structure. Welding Jour., 
October, 1940, pages 750-753, 3 illus., 1 table. 

How to Bend Tubes and Sections. Cerrobend, an alloy of bismuth, lead, 
tin and cadmium, has peculiar properties which make it an ideal filler for 
tube bending. It has been applied successfully in the bending of tubing 
with walls as thin as 0.007 in. to small radii and to the bending of copper, 
brass, duralumin, plain-steel and stainless-steel tubes. Applications in 
aircraft manufacture are mentioned. A most valuable development of the 
use of Cerrobend is in the forming of rolled or extruded sections. Alloy is 
cast in a suitable mold completely to embed the section, and then the block 
of alloy is bent around a former of dimensions allowing for the thickness of 
alloy surrounding the section. Under these conditions (particularly if the 
former is grooved exactly to accommodate the cross section of the alloy 
block and prevent any cross- sectional distortion), it is impossible for the 
section to ripple or spread in any direction and perfect bends are achieved 
Iron Age, November 7, 1940, pages 52-53, 3 illus. 


Aircraft 


GERMANY 


News from Germany. Focke- Wulf Fw.187 Zerstoerer two-seater fighter 
(two 1150-hp. D.B.601A engines) is armed with four machine guns and two 
cannons. A top speed of 324 m.p.h., a climb of 6562 ft. in 1.9 min. and to 
19,685 ft. in 5.8 min., and a service ceiling of 38,940 ft. are claimed. Single 
fin and rudder and short nose are distinguishing points. Photographs from 
Germany show: the Fw.187 in flight; arrangement of the cockpit opening 
and the mounting of two machine guns in the side of the fuselage where they 
are readily accessible; and the airplane on the ground. Photographs of 
the Me.110 are also presented. Aeroplane, October 4, 1940, page 371, 6 
illus. 


Aircraft Rocket Propulsion 


ae ee of the Rocket Motor Unit Based on the Theory of Perfect 
Gases. J. Malina, California Inst. of Technology. Ideal constant- 
pressure La motor is analyzed to bring out most of its operating charac- 
teristics and to determine the relative importance of various factors that 
affect its operation. Assumptions introduced greatly reduced the com- 
plexity of the mathematical analysis. Main features of operation of the 
actual constant-pressure rocket motor, however, will still be the same as for 
the ideal motor, and the simple general theory presented can be used as a 
guide by the designer. General formulas given are evaluated for the com- 
bination of liquid oxygen and gasoline. 

The propellants, the theory of the rocket motor with perfect gases, and the 
ideal transformation of available heat energy are considered. It is found 
that if the formulas expressing the operation of the ideal rocket motor are 
transformed into dimensionless form, a universal thrust diagram can be con- 
structed corresponding to the fixed value chosen for the ratio of specific 
heats of the products of combustion. From the diagram the thrust charac- 
teristics of the motor unit can be determined for a divergent type nozzle 
when the rocket is operated at an arbitrary altitude. Franklin Tis, Jour. ‘ 
October, 1940, pages 433-454, 8 illus., 50 equations. 

“Boost”—Long-Distance Flying and the Take-Off Problem.“ #° "w. 
Lanchester. A velocity of 150 m.p.h. is assumed to be necessary before the 
airplane leaves the ground, runway length as 2500 ft., time as 22.7 sec. and 
acceleration necessary as 9.7 ft./sec./sec. Pressure within the case of the 
rocket proposed for take-off is assumed as constant in the caftiifitions 
given, so that the recoil which provides the force of acceleration is t6ti$tant. 
Mass of the airplane is regarded as divided into two parts, that Which iS 
accelerated by engines and propellers and that which is accelerated’ by the 
“boost.’’ One ton of boost is taken as the basis of the calculation, assuming 
10 tons as that portion of the mass which is accelerated by the boost, and 
the total mass of the aircraft as 10 tons plus a mass to which the @ngine is 
capable of imparting a similar acceleration. Rocket efficiency is calculated 
as 0.044, efflux energy per pound as 388,000 ft.-lb. and thermal efficiency 
of the rocket as 38.8 percent. The problem of designing for take-off, length 
of run, increased acceleration required, and use of the catapult are also dis- 
cussed. Flight, August 8, 1940, pages 109-110. 


Propellers 


Investigations on V.P. Airscrews. F. Salzmann and von der Muehll. 
Development of the hub of the Escher-Wyss variable-pitch propeller, a new 
Swiss type, testing machines used and calculations made. Hub shape was 
based on a structure, the properties of which appear to have been of interest 
only to physicists, namely the skin of a soap bubble. Such a structure ex- 
hibits an equal stress in all directions (twice the surface tension of the liquid). 
The jointless Escher-Wyss hub is the closest possible practical approximation 
to this shape. Stress curve at the point where the tensile force on the pro- 
peller blade (centrifugal force) is transferred to the hub is shown to take place 
at a roller bearing supported by a marked increase in hub-wall thickness. 
Results of a comprehensive study of the stresses are presented with calcula- 
tions and curves. Peak stresses of ge order obtained in the calculation 
were avoided by transition between cone and ring. As an example of the 
practical loading tests and stress measurements, photographs are given 
showing the hub in a specially built testing machine and the hub with the 
tensometers fitted for taking stress measurements, and stresses measured are 
shown in a curve. Translated from ‘‘Flugwohr und Technik’’, March. 
Aircraft Engg., October, 1940, pages 296-297, 306, 10 illus., 8 equations, 


Aircraft Navigation 
Radio Direction Finding—An Aid to Aerial Navigation. H. F. Jones. 


Various problems involved in radio bearings are discussed for the information 
and guidance of aerial navigators, covering fundamentals of D/F, elimina- 


tion of ambiguity, coastal refraction and quadrantal error. Flight, August 
8, 1940, pages 112-113, 2 illus 


Equipment 


New Equipment. Dot cowl fastener developed by United-Carr for fasten- 
ing engine cowlings, handhole covers, access plates and similar aircraft parts, 
and approved by the Army and Navy. Pioneer parachute testing tower to 
provide engineering knowledge of the parachute. Mark Hurd BH-1 and 
BH-2 aerial precision camera. Lear Avia warning siren giving a bail- out 
signal in case of emergency. G.E. high-sensitivity galvanometer which is 
three times as sensitive as previous galv anometers. Glenn L. Martin 
laminated plastic trim tabs which won top honors in a recent plastics com- 
petition. General Electric speed indicator designed to check adjustment of 
aircraft catapults. Vibrometer developed by. Televiso Products for produc- 
tion checking of stress and strain on machine castings, determination of 
maximum rate of reciprocation before fracturing occurs, and for determina- 
tion of optimum rate of acceleration in reciprocation such as dynamic balanc- 
ing of high- speed fans and propellers for maximum efficiency and measure- 
ment of vibration-isolating materials. New Security locknut that can be 
tightened up or backed off part way years after its application and still re- 
tain its grip on the bolt. New General Electric portable compact lightweight 
sound-level meter. Hydraulically-driven windshield wiper developed by 
American Airlines. Air-Safe visual warning indication to guide pilots in 
instrument flying operations by use of adjustable red, green and amber rings 
on the face of aircraft instruments. Short descriptions of this equipment, 
and a few details of the Bendix-Stromberg injection carburetor which has 
been found by United Airlines to reduce fuel consumption. Aero Digest, 
November, 1940, pages 168, 171-172, 175-176, 9 illus. 


Airports 


The Size of an Aircraft Landing Field. K. N. E. Bradfield. Minimum 
dimensions required for the four classes of airports in Australia in 1940, 
in Great Britain in 1938 and in the United States in 1939 are compared ina 
table, and effect of altitude on take-off run, effect of temperature on take-off 
run (assuming constant propeller thrust), and effect of friction on take-off 
run are shown in curves. Australian Instn. of Engrs. paper. Engineer, 
October 11, 1940, pages 230-231, 3illus., 1 table. ‘ 


Armament 


Bombing from Aircraft. Wimperis course-setting bombsight and the 
principle of its operation are described. It consists of the combination of 
two quite separate vector triangles. One in the vertical plane gives motion 
of the bomb relative to the airplane, and the one in the horizontal plane gives 
the motion of the airplane relative to the earth. These two triangles have 
one side in common and an appropriate mechanism provides for the semi- 
automatic relating of their elements Dive bombing is also considered. 
The Junkers Ju.87 is said to attain an airspeed of less than 400 ft./sec. when 
in a nearly vertical dive, the airbrakes limiting the vertical speed to this 
amount. Engineer, September 13, 1940, pages 172-173, 4 illus 


Metals 


Bearing Metals from the Point of View of Strategic Materials. H. W. 
Gillett, H. W. Russell and R. W. Dayton. Galling, seizing and scoring of 
bearings i in breaking- in, and the formation of a film on bearings analogous to 

“‘varnish”’ on pistons are explained. Requirements of embeddability in a 
bearing metal (ability to embed a grit particle and to keep it out of contact 
with the shaft), and of conformability to high local pressures, bondability, 
fatigue resistance and corrosion resistance are pointed out. Complexity of 
an actual bearing as an engineering structure is considered. Bases for the 
evaluation of bearing metals, the factor of temperature, and commercial 
materials for bearings are taken up. Certain phases of the strategic metal 
situation—tin and antimony—as they affect not only bearings and bushings, 
but also battery plates, and the silver and gold situation as related to bear- 
ings are discussed. Metals & Alloys, October, 1940, pages 455-463, 6 illus. 

Modern Practice and Developments in the Extrusion of Light Alloys. R. 
Worsdale. Press equipment, preparing extrusion billets, flow of metal, rate 
of flow, treatment of sections and increasing applications are discussed. 
From ‘‘Metallurgia,”’ February. Heat Treating & Forging, September, 
1940, pages 448-451, 6 illus. 


Non-FgrRRovus ALLoys 


Resistance of Aluminum-Magnesium Alloys to Attack by Sodium Carbon- 
ate Solutions. R. B. Mears and L. J. Benson, Aluminum Co. of America. 
Rate of attack of pure aluminum, pure aluminum-magnesium alloys and 
various commercial-wrought aluminum-base alloys is slight by 0.001 and 0.01 
per cent sodium carbonate solutions at 31° C., but becomes appreciable for 
some of these alloys at higher concentrations, according to the investigation 
described. Aluminum-magnesium alloys containing substantially more than 
2 to 3 per cent magnesium are much more resistant to attack by 1 or 10 per 
cent sodium carbonate solutions than are aluminum-base alloys of lower 
magnesium content. T his can. be attributed to formation of a partially pro- 
tective film of corrosion products probably made up, at least in part, of 
magnesium carbonate on the surfaces of these alloys. Addition of mag- 
nesium carbonate to sodium carbonate solutions does not inhibit their attack 
on pure aluminum. Sodium carbonate solutions agitated supersonically 
are definitely more corrosive. Jndusirial & Engg. Chemistry, Ind. Ed., 
October, 1940, pages 1343-1349, 6 illus., 3 tables. 

X-Raying Nine Inches of Steel. R. Berthold, E. Ebert and O. Vaupel. 
X-ray equipment rated for a maximum potential of one million volts was 
used at the materials testing laboratory at Berlin-Dahlem to test the pene- 
trability of steel and the feasibility of detecting defects and faults at higher 
voltages. Equipment ana procedure are described and results obtained are 
discussed. Curves show results of steel thickness penetrated and detect- 
ability of defects in skiagrams with tube voltages up to 1000 kv. Same 
sharpness in image is obtained for a defect at a greater distance from the 
film if the tube distance and time of exposure are both increased, but there 
are various disadvantages associated with increasing distance between tube 
and test piece, such as greater scatter radiation, while defects are more diffi- 
cult to detect. Summary given in “Iron and Coal Trades Review"’ and 
translated from Stahl and Eisen. Jron Age, October 17, 1940, page 35, 2 illus, 

Changes in the Shape of Spherical Spot-Welding Electrodes. W. F- 
Hess and R. A. Wyant. Flat areas begin to form on domed-shaped elec- 
trodes as soon as welding is commenced. After about 200 welds the diam- 
eters of these flat areas increase slowly with number of welds made. Possi- 
bility exists that under proper conditions this diameter may reach a limit 
and remain constant for subsequent welding. Degreasing of stock is recom- 
mended if sound welds are to be expected over long periods of welding. 
Higher pressure densities can be used with dome tips than with flat tips 
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without producing extrusion between sheets. When expulsion of molten 
metal occurs in welding with dome tips, large cavities are left regardless o 
pressure. Materials, preparation and procedure used in the research, pro- 
files, contact areas, and weld sections are discussed. Welding Jour., Weld. 
Res. Sup., October, 1940, pages 345s-350s, 11 illus., 1 table. 

Age-Hardening Magnesium Alloys. The tin-magnesium system is further 
discussed, and the latest work of Gann on some of the more promising of 
these alloys is referred to. Tables show: electrical resistance and conduc- 
tivity of tin (Stepanow) ; cooling data (Hume-Rothery); electromotive be- 
havior of tin-magnesium alloys (Kremann and Ruderer); specific conduc- 
tivity of tin- -magnesium alloys (Grube and Vosskuehler) ; thermal expansion 
of tin- -magnesium alloys (Grube and Vosskuehler) ; solubility limits of tin in 
magnesium (Grube and Vosskuehler); X-ray measurements of compound 
Mg2Sn (Sacklowski); X-ray data for Mg:Sn (Zintl and Kaiser) ; properties 
of 4.01 per cent tin alloy at elevated temperatures (Haughton and Pry- 
therch); and age-hardening of tin-magnesium alloys (Gann). Light Metals, 
October, 1940, pages 260-262, 11 tables. 

Current Light-Metal Specifications. Compositions of light alloys for 
nine D.T.D. Specifications, issued under the authority of the British Minis- 
try of Aircraft Production, regarding aluminum-alloy tubes, bars, extruded 
sections and forgings are shown in a table, and uses for which these alloys 
are suitable are mentioned. Light Metals, October, 1940, page 249, 1 table. 

Electrical Detection of Flaws in Metal. H.C. Knerr. Non-destructive 
testing of welded or seamless tubes, bars and other articles of both ferrous 
and non-ferrous metals, generally cylindrical in form, can be carried out 
by the new tangent-coil method described. Method is applicable to non- 
magnetic as well as magnetic materials. That portion of a coil or set of coils 
shaped like the letter D, which is closely adjacent and tangent to the tube 
wall, is short, its length being comparable with the length of the short flaw 
to be detected with maximum sensitivity. Portions of the D coil which ex- 
tend radially from the tube are in non- -conductive relation and are fairly 
long. Connecting or outer segment of the D is far enough away from the 
tube to have relatively little inductive effect. This arrangement provides a 
highly sensitive reaction to changes of current in small areas of the tube 
walls. A series of such coils may surround the tube so that flaws in any part 
of the circumference are detected. Modifications to detect long flaws are 
described. Tubing is passed through the machine at the rate of about 50 ft./ 
min. and machine is arranged so that presence of a defect will stop the feed 
rolls. ° 

Discussion also covers: three methods of making tubing; non-destruc- 
tive testing; three classes of defects in tubing; commercial application of 
the tangent-coil method; comparison of hydrostatic and electrical testing 
methods; and typical applications. Metals & Alloys, October, 1940, pages 
464-469, 11 illus. 


Plastics 


Plastics versus Corrosion. C. G. Munger. Amercoat protective coating 
is a combination of the most inert thermoplastic resins, and combines the 
resistance of molded products into a cold- applied sprayed coating. Prime 
coat adheres tenaciously to the surface to which it is applied and also ad- 
heres to and combines with the other two coatings. Second coat is an inert 
resin solution which has dispersed in it air-blown silica. Third is a layer of 
pure resin which acts as an inert seal over the other coats, penetrating the 
first two coats, increasing resin concentration, and bonding them more 
tightly together. Properties, procedures in preparation for and application 
of the coatings, and uses. Modern Plastics, October, 1940, pages 124-125, 
158, 3 illus. 

Absorption of Water by Plastics. G. M. Kline, A. R. Martin and W. A. 
Crouse. Part of the experimental data obtained in an exploratory investiga- 
tion at the National Bureau of Standards of the absorption of water by plas- 
tics is described, including: materials and test methods; investigation of 
conditioning procedures; comparison of various methods of reporting water 
absorption; absorption and desorption of water over long periods; and di- 
mensional changes over long periods. Data in tables cover: effect of time 
of conditioning and duration of immersion on absorption of water by plas- 
tics; volatile matter lost by plastics under various conditions; effect of 
exposure of samples to wet or dry atmospheres prior to making water ab- 
sorption tests; effect of immediate immersion of specimen on water absorp- 
tion values; comparison of various methods of reporting water absorption; 
moisture absorption during eight weeks’ immersion in water after various 
conditioning procedures; moisture desorption by plastics; and dimensional 
changes of plastics under various conditions and weight changes during 
storage. 

Plastics examined included: phenol-formaldehyde (molded, cast, and 
paper-base laminated) ; ureaformaldehyde (molded and paper-base lami- 
nated); casein; cellulose nitrate and acetate; ethylcellulose; polyvinyl 
chloride acetate; polyvinyl butyral; polystrene (molded and cast); poly- 
methyl methacrylate; and cold molded plastics of bituminous and phenolic 
types. 

Investigation was made in connection with the preparation of a tentative 
test method entitled ‘“‘Water Absorption of Plastics.’’ Method has been 
prepared by Subcommittee V of Committee D-20 on Plastics working in 
cooperation with Subcommittees II and III of Committee D-9 on Electrical 





Insulating Materials, and replaces the short-time water absorption tests 
provided for in A.S.T.M. Standards D48-39 for molded insulating materi- 
als, D229-39 for sheet and plate materials, D349-39 for laminated round 
rods, and D348-39 for laminated tubes. Am. Chem. Soc. paper. Modern 
Plastics, October, 1940, pages 119-123, 152, 154, 2 illus., 8 tables. 


Fuels and Lubricants 


Use of Lecithin in Gasoline, H. V. Rees, W. S. Quimby and J. C. 
Oosterhout, Texas Co. Lecithin, obtained from soy beans, is a saiigieals 
found to be effective in improving leaded and unleaded gasoline quality and 
stability. It has little effect on initial or dark storage color, but markedly 
reduces decolorization as well as haze and deposit formation when exposed 
to sunlight, as in gasoline-dispensing pumps. Use of lecithin results in de- 
creased corrosion of storage-tank bottoms and of galvanized drums, par- 
ticularly those containing highly-leaded aviation gasolines in which the for- 
mation of zinc oxide deposits often requires filtration prior to consumption. 
Reduced aluminum corrosion in aviation- gasoline tanks, due to moisture 
condensation, was also found. Dosages required range from 1 Ib. to 15 Ib./ 
1000 bbl. Long discussion with many tables showing effect of lecithin. 
A.P.I. paper. O11 & Gas Jour., November 14, 1940, pages 176, 179, 180, 182, 
184, 9 tables. 


Engine Design and capepcenel 


Design of High-Speed, Two-Stroke Engines. Treves. Supercharging 
alone is essential in the case of the two-stroke = it alone makes possible 
efficient scavenging and a considerable increase in outputs per unit of weight 
and of displacement, which by careful development, may be combined with 
a moderate fuel consumption. Higher degree of uniformity of torque, 
greater robustness (as the engine does not comprise any delicate parts) and 
higher specific output are the advantages claimed for the high-speed two- 
stroke over the four-stroke engine. In experiments conducted by. Junkers 
on a large Oechelhaeuser engine, it was found that when the air is cooled 
before entering the cylinder, output varies substantially in direct proportion 
to mass of air takenin. Practically the only disadvantages of the two-stroke 
engine are the difficulty of properly cooling the pistons, such as in engines 
employing two opposed pistons per cylinder and uniflow scavenging, and 
greater specific fuel consumption. More difficult to deal with is the question 
of lower thermal efficiency. It would be possible to improve the fuel-con- 
sumption figure by scavenging with a separate current of pure air. 

Three views of a two-stroke opposed-piston type of aircraft engine are 
shown in a drawing, in which the propeller shaft is located at one end and 
carries a gear which meshes with pinions on the forward ends of two crank- 
shafts. At the opposite end, behind the cylinder block is located a rotary 
blower, its design and location being such that it does not add to the overall 
dimensions of the engine as determined by accessories. Another convenient 
arrangement, derived from a similar one adopted with good results for 
Diesel engines, is that in which there are three radial cylinders with their 
axes 120° apart, with a single central combustion chamber. Concluded. 
Automotive Industries, November 1, 1940, pages 483-485, 3 illus. 

A Criterion for Knock in Petrol Engines. zx. < Plumb, Aero Experi- 
mental Staff, Rolls Royce, Ltd. and A. C. G. Egerton. Problem of the in- 
vestigation described was to correlate the tendency of a fuel to knock in a 
gasoline engine, with the physical conditions in the cylinder which cause the 
knock, and with its ignition qualities i ina bomb. Method of approach was to 
find a function of the physical conditions, the attainment of a critical value 
of which, during the stroke, is a‘criterion of knock. Theories of the mecha- 
nism of knock, which are reviewed, suggest a rational form for this criterion. 
Engine tests of fuels were made at incipient and heavier knock under a 
variety of engine conditions, and indicator diagrams were obtained by an 
paca hee indicator. Assumptions, based on the rational form, were made 
for the form of the criterion, and by analysis of the diagrams, etc., a reason- 
ably satisfactory form was ‘selected. Substantially the same critical value 
was then obtained for incipient knock under all running conditions, including 
change of compression ratio. The possible application to fuel rating is dis- 
cussed. The ignition experiments indicated that the same critical value of 
the same function is a criterion of auto-ignition in a bomb, and they sug- 
gested a Similarity between the mechanism of knock in an engine and that 
of auto- ae ina bomb. Instn. Mechanical Engrs., Jour. & Proc., Sep- 
tember, 1940, pages 247-260, 10 illus., 6 tables, 4 equations. 
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Torsio 1 Vibration in Geared-Turbine Propul Eq t. H. Porit- 
sky and. S. L. Robinson. Two alternative methods for the determination 
of torques in propelling machinery of ships when friction is taken into ac- 
count, qne a direct method and the other the method of normal coordinates, 
are cousidered. Latter is described at length, showing the great saving of 
numeri¢al work possible. At critical propeller speeds oscillatory torques are 
limited only by damping. Two types of damping are taken into account, 
one the damping of the propeller in water and the other friction in the driv- 
ing mechanism, introduced as solid friction in the shafts similar to damping 
in the metal. Jour. Applied Mechanics, September, 1940, pages A-117- 
A-124, 3 illus., 53 equations. 

















